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OF tHK 

AMERICAN PHILOSOPHICAL SOCIETY 

HELD AT PHILADELPHIA 
FOR PROMOTING USEFUL KNW^XEDGE 

THE PAiL^SlTIC ACULEATA, A STUDY IK EVOLUTION.' 

Bv WILLIAM MORTON WHEELER, 

(Raad Aprii JJ, /flip.) 

There undoubtedly much to be said in favor of the opinion 
commonly held by entomologists that the fruitfulness of their inves¬ 
tigations is apt to be directly proportional to the intensity of their 
specializatton, but it is als^o true that this veiy specialization may 
often preclude an adequate appreciation or even a recognition of 
phenomena that would profoundly impress the ivorher w-ho pos¬ 
sesses more general biological interests. This statement is not 
inapplicable to the subject of the following stndy^ which h an at¬ 
tempt to collate the data accumulated in their respective fields by a 
number of observers of ants, bees and wasps and relating to certain 
types of parasitism which keep recurring in various natural families 
of the Aculeata in response to frequently recurring stjmull or situa¬ 
tions in the oiganic environment. The few who have published 
comprehensive accounts of the phenomena have failed to present 
them as clearly and cogently as the facts would seem to warrant. 
I am aware that my own treatment of the subject may leave much 
to be desired and especiaUy that my account of the bees, a difficult 
and extensive group to which I have been able to devote compara¬ 
tively little study* is rather sunimajy% but every attempt to attain 

^ ComdbiitiQ'iis from the EfttDiinjjQgicil Laboratory of the Bussey Jnsti- 
hitionp H^in^ard Univerjiity. No. 135. 
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broadtrr ^encraiization hzs aticdcbint li^k^ acid made(|uacije 3 r If 
I succeed in directing renewed attention to an interesting series of 
facts and to some of the problems which they suggest, the purpose 
of this article w^iU have been accomplished. 

In considering the parasitic Acnleata I shall adhere to the fol¬ 
lowing dassihcatioiip which though in certain respects artificiaL and 
unsatisfactory from the standpoint of phylogenetic development^ 
will nevertheless facilitate an understaaiding oi die history of out 
knowledge of the subject: 

L NonsociaJ Parasites. 

I. Solitary Bees- 

J2- Solitar)' Wasps. 

IL Social, Parasites. 

I. Anis. 

fl. Guest Ants. 
b. Slave-makers, 
f- Temporary' Social Parasites, 
d. Permanent Social Parasites. 

2* Social Bees. 

3 ^ Social \Vasps+ 

The solitary bees may justly claim our atterttion first, because 
they comprise such a large number of parasitic forms which have 
been objects of study for more than a century. The taxonomy of 
the bees^ however, notwithstanding the number of able investiga¬ 
tors they have attracted, is still in a very unsatisfactory state. The 
very mimerotis species are often distinguishable only by very minute 
or dubious characters, so that many of the genera are large, homo¬ 
geneous arid vVideJy distributed. Even the generic characters are 
often very feeble as compared w Lth those employed by taxonomists 
in other Aculeate families. Hence also the higher groups, such as 
the tribes and subfamilies are so poorly characterized that no two 
meJittologists agree on their limits or number. The wing venatiem 
is extraordinarily uniform throughout the whole family and the 
taxonomic use of the mouthparts encounters the usual difficulties 
which be.set the employment of delicately adaptive structures. All 
the members of the group are of comparatively recent phylo¬ 
genetic development and ver\' highly specialized in adaptation to the 
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pollenation of floiivering plants, themselves a group of organisms 
of recent origin. As manifold morphological expressions of this 
adaptation attention has often been called to the peculiar modifi¬ 
cation of the mouthparts for extracting nectar from fioHrers, the 
singular branched hairs of the body and modification of the hind 
legs or hairs on the venter in the female for carrying pollen, and 
the highly developed visual and oJfactor}' organs. 

On the side of the instincts there are, further, the marvelous 
habits of nidification which have aroused the admiration of all stu¬ 
dents since the days of Rraumur. Still the general activities of the 
female bee—the male is, of course, an ethological nonentity aa in 
Other AcuJeates—are strangely uniform in their general outlines;— 
the visiting of flowers, mating, nidification, provisioning the nest 
with pollen and honey, ovlposition. But different species visit dif¬ 
ferent flowers and build their nests in different places and of 
different materials. All this is true of perhaps 8o per cent, of the 
thousands of species, but a considerable number—^between 15 and 
20 per cent., representing fully 70 genera—have become parasitic 
and have therefore ceased to collect pollen and nectar or to con¬ 
struct and provision nests, but instead seek out the nests of other 
bees and oviposit in their cells, with the result that the larvae reach 
maturity by devouring the provisions so carefully stored for their 
own offspring by more industrious mothers. 

This peculiar habit has profoundly modified the structure of the 
parasites. Their mouthparts have not been affected to anv extent 
because these bees still visit flowers assiduously for food, but the 
collecting apparatus has atrophied and the hairs on the body and 
appendages have been completely or almost completely lost, so that 
the species have sometimes been placed in a group by themselves 
called DenudatK. Other peculiarities are also manifested. The 
loss of the collecting apparatus, which is one of the most striking 
secondary sexual characters of the female bee, excepting in the 
Pfosopidinae, which swallow the pollen instead of collecting it on 
their hind legs or venter, has brought about a close resemblance of 
the sexes to one another. In a few cases the female has even taken 
on a male secondary sexual character, as in the genus Atsdroffyttella, 
recently described by Cockerell (1918). It comprises two species, 
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ot xAiisstralia and suhrixaior of the Philippines. In both 
species the female ^ thoug^h possessing: a well-developed sting, has 
13-jointed anteniiBe, a number peculiar to the niaie in ail other bees 
and in fact in most other Aciilcatcs, 1'he specimens cannot be 
gynandromorphs, because R. E. Turner found the 13 joints in 14 
females of detersa, so that Cockerell is justified in regarding it as 
'^certain that this is a normal condition and must represeni; an early 
stage in the evolution of a parasitic species^ like those of CctUoxys 
and Stdis. From the standpoint of genetics, it is an extraordinai^' 
case, since the female seems to have dropped her secondar)'^ sexual 
characters and thereby assumed those of the male which were pres- 
enl in her genetic constitution.'^ He adds that presumably the 
male of snbrLvator cannot be distinguished from Mega chit c 
SHbri-Tatcr " which is a common species in the Philippines and in all 
probability the host. 

Another peculiarity of the parasitic hces, to which Friese has 
called attention^ is their often ver}' vivid coloration. Many of the 
species are more or less red or 3'ellow {Sphecodes^ Nomadtij, Epea^ 
hs, etc.) or banded and spotted with patches of white or blue 
appressed hairs or scales {Epcohs, CransUj McicctOj etc,), or are 
briliianlly metallic (Exarrtiej Aghc). The red color suggests tlmt 
of certain niyrmecopbilous beetles Helarriu^^ Cht tger^ 

etc.) and may have a similar meaning, but it is difRcult to account 
for the spots and bands unless we assume that they are an expres¬ 
sion of peculiarities of metabolism, associated with the active habits 
of the parasites, an interpretation which has also been suggested to 
account for the more vivid color pattems of the males as contrasted 
with the cospecific females of many animals. Perhaps the pecu¬ 
liar odors of certain parasitic bees* e. of Momada^ odors which in 
some cases at least seem to play a role in the relations to the host, 
also point to such peculiarities in metabolism. 

From an examination of the brains of tW'O genera of parasitic 
bees, Nomad a and FsithyniSj. von Alten (1910) concluded that 
their fungiform bodies, supposed to be the scat of intelligence and 
therefore to eorresponcl to our cerebral hemispheres, were more 
feebly developed than in the nonparasitic species. He even found 
that the fungiform bodies of the male parasites were relatively 
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larger tHan In the females. U can hardly be claitiicd^ however^ 
that the parasitic bcc is ps}xlucally less endowed than its host^ be-^ 
cause the finding and entering of the latter's nest presupposes in¬ 
stinctive activities of a high order* 

Onr knowledge ol the habits of parasitic bees is rather meager 
when compared with our knowledge of the specks as ta.Konomtc 
units. They occur in aU parts of the world, but even the hosts of 
many of the genera, especially of the nonholatctk forms* have not 
yet been ascertained. Within recent years* however, Verhoeff 
Hoppner {1904), and Gracnicher (1905) have made some 
careful obser\^ations on the behavior of a few European and North 
American species. Verhoeff studied the activities of the Sielis 
minuta larva in the nests of which are in hollow 

blackberr>' stems. The Ofi^ina makes a row of cells in the cavity* 
separating them with partitions of chew ed up leaves, provisions each 
ceil with a ball of honey-soaked pollen* the socalled bee-hread,"’ 
and lays an egg on it before closing the cell and starting another, 
Graenichcr summarires Verhoeff^s observations in the following 
words: 

^ f. Stdh ppiiFEBf/d deiioiSts its earlier itian the host-bee^ and in the 
lower region of the bce^bread. a The lao'a of the parasite hatches a little 
earlier than that of the host-hce, whose egg Is situated on top of tlie bee- 
bread. $r Both larva, winch at the bt^niiirtg are of aboui the same ssie^ 
partake of the bcc-hread, the host-larva on top, the paLasite below* 4. The 
latter gradually increases in size, and consequently advancca towards the 
host-larva on top. 5. Finally the parasite, which in the meanwhile has become 
twice as large as the host-lar\'a, comes in contact with the latter, kills it and 
cats it. Verhoeff informs os that there was a mutual exchange of hoidlities 
between the two larvae, each trying to grab the other with its maodihles, hut 
that finally the parasite succeeded in burning its mandibles in the head of the 
host^lan^a. The latter wai eaten up within I or ^ day's-’" 

Hoppner*s observations on the larva of Sielts ornaiiila m the 
cells of OjiJiffl pan*tih and /mfroHEc/ifTifi agree essentially tvith Ver- 
hoefTs* except t)tat he saw no struggle between the parasitic and 
host larva. The former bored its way upwards through the bee- 
bread, sought out the Osinlis larv^a as soon as possible and plunged 
its mandibles into the body of the latter without meeting wdth any 
resistance. Like Verhoeff he found the parasitic to be larger than 
the host larva. 
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Graenicher's obser^^atbns are ntore ejctensive. He studied in 
Wisconsin the parasitism of St ells 6-mac nhta on Alcidamia pro-- 
ducia, of Ca^iioxys lucrosa on Mcgachde addtjida and of Triepc^o^ 
ins helmriihi on Melixsodes irinodis. In all these cases the general 
behavior of the parasite is very similar to that of Sfetls tmnuia and 
but he found that the just-hatched larva has sharp, falcate 
jawSj which are very Iarg:e in Caiioxys and Triepeolus and are re¬ 
placed by smaller jaws with the next moult, after it has killed the 
host larva. The first stage Triepcoius larta, moreover, has pecu¬ 
liar leg-like appendages which enable it to crawl about in the cell. 
We are justified, therefore, in speaking of a hypermetamorphosb 
in these bees* comparable to that of so many other parasitic insects 
{RhipiphorichE, Strepsiptcrap MefoidsCp Eutharine Chalcididse, 
Cho'sidida?, Mantispidse, etc.). I quote a portion of Graenicher's 
account relating to the StcUs larva. 

""July 9 ^ 1903- collected at Milwaukee contains 4 celk. Third cell 

(from below) with a parasite. On top of the bcc-hrcad an Akidamin lan-a, 
about 3 days old. On the side of the bee-bmd, about half way up a StAk 
lars.-a feeding on hee-bread. It is smaller than the host larva, and its head is 
directed upward^ and toward the posterior end of the latter's liody. 

July 13- The parasitic larva has grown considerably hut ts not as large 
as the host lan^a. At i F.M, the parasite moves upward a short distance, 
comes in contact with the host larva, and secures a hold on the Utter's $ide 
behind the middle of the body. The vhetim at first makes an effort to free 
itself, but ofFers no serious resistance. Tlie parasite remains in the same 
position the whole forenoon, sucking the liquid contents of the host's body* 
Tbe ktier gradually perishes and shrivels, 

"July 14^ The parasite has rclea^d its hold on the dead host larva, and 
is feeding on bee-bread. It has lately increased very much in size. From 
now on the parasite does ool pay atiy more attention to the remains of 
the host 

"In the cell just considered a single parasite was present but in a nest 
collected at Milwaukee, July 15, 1503, a cell was come across with 3 parasitic 
larvatn all of them on the same side of the bee-bread as the head of the 
host lar\'a. One of them was sitting above the middle, not far below the 
host larva, the second was lower down and directed laterally, and the third 
was below^ the second and quite cIcm to it. In the evening the third parasite, 
which throughout the day {July 15) had been partaking of hee-bread and 
growing in length, reached the second and killed it. Four days later this samp 
paras Etc killed the uppermost one and fed on its contents. Two days after 
this (July 21), tilt siir\dving parasite killed the host larva. Both were about 
equal in ske." 


WHEELER—THE PARASITIC ACULEATA. 


7 


These vcr>' similar cshservations of VerhoefF:, Hoppner and 
Graenichcr on three ver>' different genera of parasitic bees cast 
some doubt on the older and more meager obsen'^ations which led 
Schmiedeknecht and Sharp to assume that the parasitic bee lan^a 
is merely a commensal that feeds so voraciously and grows so fast 
that it compels the host larva to perish from starv^ation. It was 
this assumption which led the earlier writers to call the parasites 
“cuckoo bees.^^ It is possible, of course, that some parasites^ £. g.j 
N^amada, which infects the nests of AndreHa and may 

conform to this older view, but renewed investigation is certainly 
demanded by the results of the authors 1 liave been considering. 

Graenicher (1906) has also made some valuable observations 
which show that vision as well aa odor is an important factor in 
the parasitic boe^s method of locating the nest of the host. Speak¬ 
ing of Argx^oscleuis which is a parasite of CQUetcs cid&phi^ 

he says: 

^Tt is quitu evident that after having discovered the nest this parasitic 
bee pursued a course sittiilaf to that of a host-bvc when constructing a nest- 
It started out to make a careful and repealed mspcction of the environment 
of the ncit^ gradually covering more territory in different direi:rtiun$^ hut 
often return Eng to the nest as the main object ol its attention. Being pos¬ 
sessed of a good memory for visual impressions it became acquainted with 
the locality within 6 minutes, and e.xpericnced no difficulty in refirtding the 
nest at its next \nsil after an absence of 14 minutes. It gradually acquired 
a thorough familiarity' with the topography of the region, and on its retorts 
to the nest it was seen to fly towards the oiMming as directly as the owner 
itself. 

^ Such a parasitic bee when hunting for a nest of a host-bee is not always 
flying around in a haphazard way, trusting to its good luck in finding a nest 
here today, and one somewhere else tomorrow. When it has come across a 
suitable one it is very careful to keep this under observation, and m making 
its trips to and away from the nest it h directed by its visual memory in 
exactly the same manner as the host-bee itself. It would not be in the inter¬ 
est of such a bee to pursue a different course. The w'ork of the host-bee in 
constructing a cell, and provisioning it with the food-supply must has^e pro¬ 
gressed to a certain point before the parasitic ht^ may find it suitable for the 
reception of the latter's egg. For this reason such a bec has to make re¬ 
peated visiti to the nest, in order to be on hand when the right time comes. 
If it were in the habit of wandering around until it happened to come across 
a ho3t-bce^s cell in the proper stage of consfructioTi, then it might not get 
much chance to deposit an egg within its life-ttme of a few weeks duration, 
especially to ratny seasons. It is even possible tiiat a parasitic bee has more 
than one nest under observ-alaon during the same period." 
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Graenichcr found the behavior of the female Triepcolus, Carlioxys 
and Stelis to be very similar to that of Argyr^selejiis. 

There is one genus of bees, SphccQtles, which must be briefly 
considered, because it has been the center of a prolonged contro¬ 
versy. These insects are fairly common in Europe and North Amer¬ 
ica and closely resernhie the species of Halictus except in color, ai 
they have the abdomen wholly or in part vivid red and in the hind 
tibiae which are very sparsely pilose and therefore suggest a degen¬ 
erate condition of the poIIen-colJetting apparatus. More than a 
century ago de Walkenaer (1817) maintained that Sphecodes is a 
parasite of Ilaticfus, and the same view was more or less emphat¬ 
ically maintained by Wesniaei (1835), Lepeletier (1841) Spinofa 
(1851). and Taschenherg (iSfid), but Fred, Smith (1851) and 
Sichel (1863) held that it nests independently. The controversy 
continued, however. Perkins (1887,1889) believed that Sphecodes 
might be occasionally parasitic and Fricse and von Buttcl-Reepen 
(1903) regarded it as perhaps incipiently parasitic. Rudow' {1902) 
repeated the old statement that it nests independently. Marchal 
(189^, 1894) ^nd Ferton (1890, 189S) w'itnessed some serious com¬ 
bats between Sphfcodes and the Naitcii^ whose nests it was trying 
to enter. Ferton (19^5) 3 Sp/iect^dcs subqtiadratits breaking 

into the nest of Halid us ^lalachuTus, 

“ Mot being able to ieiie by the hod the ientinel bee which barred her 
pu^se, die tunneled towards tlie Halieius burrow and succeeded thus in 
seizing and killing the guardian, which she tossed backward out of the bur¬ 
row. A second and a third Halidm that rose in the burrow in succession to 
replace the first, met the same fate.” 

Morice (1901) contended that such aggressi\*e behavior showed 
that the Hatictus was not a parasite, because some parasitic bees, 
f. g., .Vojiiado, seem to entertain friendly relations with their hosts' 
Three investigators, however, have succeeded in breeding Sphe- 
codes from Halictus and Aiidrena nests. Hreitenbach (1878) long 
ago took 5 . rubicuudiis from the brood-cells of Halictus ^-ductus 
and Sladeii (1895) found pupie of the same species in the nests of 
Audrena nigroamea and hbialis. Finally Nielsen (1903) gave co¬ 
gent reasons for regarding S, gtbbits as a parasite of Hatictus 
He says: 
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** WTien quickly uTitmthiug a nest which I had seen entering^ 

I distqvcred it sitting in a cel! nearly fillei! with honey. Later on 1 found 
sc^'CEiiI cells containing larv^ dilFcring froin those of Halkius and which 
can hardly be other than those of Finally I found In the autumn 

a cell CDOtainmg a dead specimen of a fully colored Sph^^ad^r pupa. It is 
therefore proof that Spht£odes Is a cuckoo with HaiUtusf 

Nielsen calls attention to the fact that the parasitic habit of 
Sj>h4rciid€^ explains the ^at variation^^ in size^ punctumtion, etc,, 
which have led taxonomists to multiply species in the genits^ He 
found that poorly nourished individuals are often only half the 
size of weJI'fed specimens. Perkins had previously noticed that 
small forms of Sphecode^ live with small Halicti and zdee Perm. 
Sichel^ after studying 3,500 specimens of European Spkec<?deSjt 
decided that they represented onl^' three species. He sent 600 
other specimens which he referred to two species to Foerster, who 
claimed that he could distinguish some 150 species among them, 
but wisely refrained from publishing descriptions. Similar varia¬ 
tions are, of course^ fret^uent in other parasitic insects, notably in 
^lutiJIttke and in Ceropales. 

The aggressive behavior of the female SphecQdes^ which was 
also Gbser\^cd by Nielsen, suggests that she may enter Halktus ceHs 
which are already completed and destroy the egg of the host, so 
that her own progeny will not have Eo compete with the lawful 
owner of the bec-hread, as in the case of Sielis and the other para¬ 
sites studied by Graenicher. At any rate our knowledge of the 
behavior of Sphecodes Is in need of further careful investigatioti, 

WTien commenting on the difTieulties encountered by the taxo¬ 
nomic student of the bees, I omitted one of the greatest, vi/., that 
presented by the mimerous parasitic genera. In many cases these 
are known to be vtry closely related to the genera of their hosts, a 
fact which was noticed even by the early investigators^ although its 
full significance became apparent only in the course of time, wnth 
the constant discovery of new* species and genera in all parts of the 
world and with changes in the interpretation of general biological 
phenomena. The whole matter is so interesting that I may be 
pardoned for mlroducing some historical considerations. 

The more than a century devoted by entomologists to the study 
of bees may be conveniently divided Into a pre- and a post- 
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Darwinian period. Latretlle, in a short papefp published in iS 03 
at the end of his remarkable volume on the habits of ants, and 
Kirby in the same year were the first to construct noteworthy classi¬ 
fications of bees. There was a remarkable agreement in their 
point o^ view, both dividing the family into short-tongued and long- 
tongued forms, subsequently called Andrenids and ApidsPn the 
Andrenatae and Apiaires of Latreille and the super genera Melitta 
and Apis of Kirby. The parasitic bees that were known in his day 
were intercalated by LatreiUe among the x\piaires in close proximity 
to their host genera. Lepeletier de St. Fargeau (1S25) divided the 
bees into two groups^ the rwoltantes,” or collecting, and the “ para¬ 
sites,^' and subdivided the former according to the differences in 
their pollen-collecting apparatus. The vievvs of Latreille and Lepe- 
letier have dominated the classification of bees down to the present 
time. Certain German mclittologists, notably Schniiedekmecht and 
Friese, have followed Lcpeletier'g schetne, whereas Westwood 
(184.0) and most subsequent w^orkers have agreed with Latreille, 
As VVestwood's reasons are still interesting and include a good 
statement of the pre-Dar^vinian or special creation conception of 
the relations o! the parasite to the host^ 1 quote sonie of his re¬ 
marks ; 

^ Indeed it is to ht observed that the variation in the structotc of the 
species, thus varjr'ing in thca habits, does not ^eem to warram the establish* 
merit of them fnlo iieparate families. This circumstancq appears nahirally 
dependent upon two considerations: isl, it is essential that the parasite in its 
perfect state should positess a eertam resemblance to the animal in the nest 
of which it deposits its eggs, so as to deceive the latter and its assocEates 
(Kirby in a footnote here calls attention to the resemblance of the Djpieroti 
P'AureSh to Bombuj }; and ad, the nature of the food of both being similar, 
the variation in structure is much less striking than if the parasite were car¬ 
nivorous, as the Ichneumoniche, and the animal attacked (as the caterpillars 
of Lepldoptera, etc;) herbivorous. The parasitic conneetion indeed goes no 
further than this, vir., that the larv'a.of the parasite cats up the food of its 
fosterer, and so starves it to death j the larvae of both are therefore pol- 
lenivorous, and the differences which will naturally be most striking, will con¬ 
sequently be found in those organs which are employ'cd in the tonstruction 
and provistoning of the nest of the working species, and which one may 
therefore expect to find in a less developed state than in those species which, 
from being parasitic, do not require their full development. Hence it is 
that we find the general structure of the parasitic bee elosety reseinblmg 
that of the bee, at the expense of whose young iia own are destined to be 
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nQurisbetJ; and hcficis. if wc regard Bombiii and Psiihyms of St, FargqaiiK 
and Euffhuc, M^rUcla and Anfhcpitarft, or S^h^ccdes and lialicitts, 
with reterence to their general arnsctiire, they wiH l>c found most inti mate Hy 
alEkd; whilst if, on the othtir hand, wc regard such portion of their economy 
as is connected with the formation and provtsiofiing of their nests, it will he 
requisite to place them in d[fferent divisions. If we observe^ however^ the 
great variation existing ampng bees in this portion of their econpmyp it is^ 
evident that this cannot be regarded as a normal or typical character and 
that a distribution founded thereupon would necessarily be unnatural.^ 

The publication of the Ong^in of Species*' could not fail to 
have its effect on the students of bees. In the light of evolution 
the parasitic species acquired a new incanlng^ for it was at once 
apparent that their resemblance tq their hosts might have a genetic 
signirtcance. One of the first to fall under the spell of the new 
conception was Hermann Mitller (1871). He believed that the 
genus Psithynts was of rather recent descent from its host genus 
Eombtis^ that Aielcda and Crocisa were less recently descended 
from Anthof^hora^ and that the phylogenetic origin of StdiSj 
oxySf Epeohis and Nomada was still more remote, although the 
derivation of and CffffV-ryj from gastrilegtd genera seemed 

clear. He ^vas guided to these conclusions by a study of the an- 
tennse. Referring to a table of the genera of bees he says: 
examination of this table shows that in all nonparasitic bees^ with¬ 
out except! qn^ the males have a shorter scape but a longer fiagel- 
luiii than the females^ but that in some pronounced cuckoo-hees the 
very reverse is the case/' Smell not only guides the males lo the 
females^ but also the parasites to their hosts and hence the olfac¬ 
tory' organs of the female parasites must be highly developed. xA 
glance at the development of the male and icmalc olfactory organs 
of the cuckoo-bees clearly supports the conclusion that In the an¬ 
tenna* of the females the adaptations for working in the brood- 
chambers have been lost pari passu with an increase in the olfactory' 
organs and that these developments correspond in degree to the 
period of time at which the transition to a parasitic life took place.” 
I am not aw'are that any study of the anteniue and their sense^ 
organs has since been undertaken wdth a view' to testing the correct¬ 
ness of iltiller's conclusions. Allusion has already been made to 
Graenlcher*s discovery that the vision of the parasitic bees is an 
important factor In locating the nests of the host. 
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In 1S83 Perez published an important study of the parasitic 
bees and republished his gctieraJ conclusions in a separate article in 
1834. After careful morphological investigation he concluded that 
the parasitic genera must have evolved from the host genera and 
was able in a few instances to point out the very species from which 
The parasitic genus had originated. He recognized four distinct 
lines of development from as many host genera: FsHhxrus from 
Botnbus. Steiis from Attthidium, Coclioxys and Dioxys from Mega¬ 
chile and Sphccodes from Halichis, The series of genera known 
as the Nomadinat and comprising Epcoiiis, Mekcta, Crocita, Am- 
mobates, Pasitej, PfiHercmus, Biasles and Notttada, he derived from 
Ceclioxys on the supposition that this genus had given rise to a 
whole scries of parasitic forms which had acquired new hosts among 
the various genera of recoltant bees. He contended that Latrcille’^s 
example in placing the parasitic genera next to their host genera 
should be followed in any attempt at a natural classification of the 
Aptda;. The truth of his contention has since been conceded and 
is clearly expressed in the classifications of Ashmead (iSgg), Robert¬ 
son (1899) and Cockerell (iQJO). Dalla Torre (1896) and Friesc 
in his work on the African bees (1909), however, adopt a com¬ 
promise between the views of Latreille and Lepeleticr, dividing the 
bees into podilegid, gastrilegid and social sections and appending 
to each a series of parasitic genera. Of the classifications I have 
seen Robertson's seems to be the most naturaJ, but he is dealing 
with a limited fauna, in which the relations of the parasitic genera 
are few and fairly well known, whereas Dalla Torre and Friese, 
in an attempt to deal with the bees of remote regions or of the 
whole world and with dozens of imperfectly known parasitic gen¬ 
era, have some justification for the course they adopt. It is evi¬ 
dent, nevertheless, that no satisfactory classification can be con¬ 
structed till the precise affinities of all the parasitic genera to one 
another and to the host genera have been thoroughly elucidated. 

The pliylogcnetic relationships even among the European and 
North American parasitic bees are still in part very' problematical. 
Probably all agree that PsUltyru^ must be derived from Ro«i&hj, 
Steiis trom AntbidiuHi (settssi lato). and Cfffiojryj from Mcgachilc, 
or some closely related, now extinct, genus. But the origin of the 
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Noniadine serks is no means dear* Friese in hfs earlier work 
(1889) toiild not decide whether it was to be derived from 
oxySf as Perez suggested, or from a form like Euccra. To-diiy 
even such an alternative seems too simple, for in all prqbabdity the 
long series of “Komadine^" genera now knosvti consists of several 
heccrophyletic groups* A/ekf/a and Ep^dIiis are derived from 
thophora by Robertson and others, and Saunders and Robertson 
would derive Mainada from Andmta^ whereas such genera as Am- 
fnobateSf Blastes, Pasit^s aud Phiarus are now supposed by Friese 
(1916) to be connected with ilfcgachik through genera like Ct^sarra 
and Faraca'lioxys^ the last being also the source of Cctlioxys and 
of Dioxys and Faradhxys through the genus Prodioxys. Among 
the exotip parasitic genera it seems dear that some have arisen from 
host genera veiy- different from those above menttoned. Thus there 
is every reason to suppose that Thaitstria has arisen from 
Aglae and Extrrrte from Engtossar Eucondyfops from Alhdap^t 
Pcrcxia from Osmia. 

It will be seen, therefore^ that even if we make all due allow¬ 
ance for dubious cases there still remain a number in which the 
dosest morphological affinity of the parasitic is with its host genus. 
This is evident from the accompanying table (Table I.) in which 
the most dearly established cases (fully 50 per cent.) are marked 
with an asterisk* In constructing this table I have profited by a 
number of valuable suggestions kindly communicated by Professor 
CockerelL We must assume, I believe* that in some cases the 
primitive host genera are now extinct, that in some cases, there¬ 
fore* the parasites have come to infest species of genera to which 
they have no morphological affinity* that many parasites are directly 
derived from other parasitic genera and that in some cases the 
phenomena of parasitic convergence are so pronounced and oblit¬ 
erate or obscure the generic affinities to such a dt^ee that they can 
be elucidated only by the most painstaking study. For my imme¬ 
diate purposes, however, the present results will suffice, since they 
agree w'ith the conditions in other groups of Aculeata, as will be 
shown in the sequel. 

In marked contrast with the bees, the solilaty^ wasps comprise 
few parasitic spcdcs, if we exclude the Mutillid®, which I am not 
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TABLE I. 

Gexera of Pakasitic Bezs, 

H«ii. 


Anc^i^ Gcuil*. 


’Nomitda .^Atfdr^iia, Haliclus, Eutera, Coittttt, 

Pantifj/ui . . Wjrdrfito. 

*Spliecoilit ---- .Huliituj ... IfalictMS. 

*Farhaticlui .. .. tfolkiut, 

*Cklcyoffas . (f)Thn»fkotioM,a .. Thrinehotlffma. 

Meitetii .. AutkopJiora .. Anthophora. 

*BcmbomAtfta .....{ f}A«tkophofa .... AKthopkorii. 

•ErtWceit . . {fyAnlh^phvra . Axiitopkora. 

'Croetta .. Anlkpphftra . ..Anthopkom. 

*PnHi mckssa .( r)Anthophota . . .. ...4 „ thophora. 

WItlista . . .. lOAutkopkora . . Anthopkara. 

. CAiftft „ ... Anthopkara. 

Tntp^&ius J/fJjtfjo'rfi'j, Tftfr^Ionia r.^,.. + i + 

ArpyrasAfnu . CoJktes . . . [ Eptolus, 

*Epeolatdff. .. .Marroph . . ..^.Maenptf. 

*LHopodus . .Mflitamo ............... - .... ilMiJomq 

..( *■> Tftraptdia . . Tetyapfdia. 

Ehathymu! . Ar)Epifkarit .. .-,.Epiehant 

3 ItJoehAra .(f)C^iifnj .. . . Crocba 

. C«>tris . mCcnirb. 

Eurytuy ..CfAiETj . inCtatrh. 

JIyjonyth,u», - MAiti>p,a .. .. 

.. Eufffojjw . Eushssa, 

E^wretf . . Eughjta ... Eughtta. 

. o™,;, . 

*Euca»tlyhpt . Atladape . Altadape. 

*Si£lh ^ nihidinm, Ckalicodaitui, Hcriadej^ 

Ojmia.CiTaHrtti, JktdamiaXhiSos^ 

_ . ... . .. . Anihidiam 

Ppmapis . + _ _ _ 

Eu^^piJ -X + , *., , . .^f^!gachTle _^ ^ i , SiAis 

*ThaUsiria . . Ox^a .. 

*A*idroffyHAla . Mc^achih .. . \ ' M^gaAtih 

. Mcgackik, inAutkaphota . Mygaehib. 

......-- Ofntia, Ckaticadama . . . ifygaehile. 

.AWio. Campiapvum . AmmobaUji, 

Amtnobalci MamCitra, JJ'oro^djis. . , Cff jurcff 

. . Ammabau,. 

:. Am»,at,al». 

ffokapanuy . mCalh<>p«i . Ammabatet. 

Orc^us ... ... 

Pktteremtts . .. .Rhapkftes, Hahftoides .. PaAtr3 

. iT)P«y»y,hia . . . . 

*Pathyfu^ . . Ba»ib»t . ; .BojwW 
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including in my The following are the only cases T have 

found in the literature. According to Ferton (t90j ) the Goi^^tid 
jVyjjoii dimidiatus is a parasite of Gf^rytes The latter digs 

its burrow in the sand and provisions it with larval and adult Hcm- 
iptera; the Nyss^tn finds it and often enters it during the absence 
of the Gorylcs. If the latter happens to be at home the Nysson 
waits niotiotiless about a dozen centimeters away^ with its head 
turned towards the nest^ till the Corytes departs. Adlerz ([910) 
observed very similar behavior on the part of Nyssoa 
towards Coryii's hinaius. Apparently both species of N^ysson de¬ 
stroy the Coryxes egg attached to the prey and lay their own in its 
place. In 18S7, at a time when nothing was known of the parasitic 
habits of Nyssort, Handlirsch called attention to the stiperficiaj re¬ 
semblance of some of the species to parasitic bees. 

Williams (1913) and the Raus (191S) have described an rnter- 
esting sporadic case of parasitism in Sit^us unkmetus, a wasp be¬ 
longing to a very different family, the Benibicidse. The Stkns digs 
its way Into the nest of a Sphecid^ Chlorion ihom^^ after the latter 
has provisioned it with a cricket, oviposited and dosed the entrance. 
After the Bembicid has entered the chamber it devours the Chhrion 
egg and deposits its own so that the larva can have the cricket all 
to itself- This case is extraordinary because the other species of 
Stkiis (S. tndcvis and erratic), whose habits have been studied by 
Fabre {1S86) and Ferton (1899* tpoS, 1910, 191 i)t dig their own 
burrow^s in the sandj glue their egg to the bottom of the cell and 
feed the hatching larva continuously w*ith Heniiptera after the man¬ 
ner of other Bembicids (Bicyrles), Ferton lias also observed 
similar behavior in 5. ga^gmirel and ftrtoni. According to the 
same observer (1899, 1901, 1908) S, fasciaias feeds its young with 
immature crickets. Our American Stkus with the exception of 
ufueinciiis^ seem to have similar habits. During the summer of 
1917 I saw a flourishing colony of a small undetermined species 
near Tempe, Arizona. It comprised thousands of individuals, all 
nesting close together in the sand, like Bembijr. 

The remaining parasitic wasps belong to the family Psammo- 
charidae (Ponipilidffi), all of which prey on spiders. ]n tivo of his 
papers (i 890 t 1S91) Ferton has shown that some individuals of 
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Fompilns mfipes (now chilled have acquired the 

habit of robbing other individuals of their prey which they then 
burj^ and furnish with an egg. They even wage fierce battles for 
one aiiother'$ spiders. These observations acquire added interest 
in connection with another veiy^ closely related species, pectmipe^^ 
which, according to Ferton {1901, 1902, 1905}, enters the scaled 
nests of P* nifipcSf eats its egg and deposits its own on the spider. 
Ferton was thus led to advance the opinion that we have in 
ntpes a parasite that has just become detached phylogenetically front 
its host species. 

“The parasitic hahit,“ he says, “would therefore appear to have been 
built up in the following manTier: P. rupp^’i, living in coionies, has actiulred 
the habit of stealing the ^rcy of its neighbor and even of fighting fgr the 
possession of pre^^ not its own. Some Individual hnally learned to steal the 
spiders that had been btiried, either by drivfng away the rightful owner while 
she was scaling her hurrawv or by ferreting through the soil occupied by the 
colony in search of sealed burrows. Their descendants, inheriting this habit, 
gave up constructing a nest and transporting the stolen prey to h and left It 
in the cell where it was discovered, simply substituting their egg far the one 
It bore. Thus P. periini>rj- was evolved* scarcely distinct from the maternal 
stock in many of its anatomical characters but become a parasite on the $pe^ 
cles from which it arose."' 

In Sweden Adlerz (1910, 1915) found that P. campcsirls ex¬ 
hibits a smiilar parasitism on P. tuiguicularh and F. acukafus on 
F. rtifipcs and fumip^^nnh^ and Ferton (1S91) has shown that P, 
vlatkus and pukh^r resemble rufip&s^ in their habit of appropriating 
the prey of other individuals of their otvn species. 

Finally we ha.ve among the Psammocharids a distinct and pecu¬ 
liar genus, CerQpaks, all the species of which are parasitc$ on other 
genera of the family. LepeletJer (1827) was the first to regard 
Cer<^pak^ as a parasite, hut \Val5h was the first to breed it from 
the nest of another Psammocharid. Riley and ’\\'alsh {1869)^ in 
their paper on wasps and their habit s^ stale that a male Ceropak^^ 
which they described under the name C. rufiifcntris^ but which is 
now known as C. r&bhisorsi Cresson, emerged from a mud cell that 
had been constructed and provisioned by Agenia bombx^cim. That 
they were fully aware of the importance of this observation is clear 
from the following remark: 
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“ The as lanavoidablc—more especially as we had previously 

hreJ very numerous specimens of the same liltle mud-dauber from the same 
kind of mud-ttlls obtained In uortliem Illinois—that this ^aily dressed 
Spider wasp {C^ropaUi} had sdiuetimc in the summer of r86^, laid au eg^ 
in one of the fii'C mud Celts found in south Illinois, and thus appropriated to 
the use of its future brva the supply of food laid up by the provident care 
of the unforiunatCp dingy looking liltle umd-^dauber for its own offspring. 
OtJierwise it is impossihle lo account for two distinct kinds of wasp hatching 
out from tlie same lot of mud cells/" 

Pt:r*:z (1894) and Ferton (1897) made some very Inlerestirig 
observ'atSons in France on the behavior of C^tg pales vmealata and 
cribrata,. showing that tht!&e wasps are parasitic on various species 
of Psawmochares and A pants, and Adlerz (1902) has succeeded in 
giving us a complete account of the behavior o£ C iixocif/afo as he 
observed It in Sweden. This behavior b so interesting, especially 
in connection with Graenicher's observations on the parasitic bees, 
that I subjoin a translation of the Gernian r^unie of the paper: 

^ Cera pahs has the habit of vt&ltiug the breeding grnunds of Pfunptius 
species and there ailght$ on $mall eminences of the aoit in order to spy on the 
Pom pi [ids while they are dragging in ihcir paralyzed spiders. The tense atti¬ 
tude of the waip, her dedeeted antenis^ and her movements as she turns 
towards a Pomplhd that has just come within the range of her vision, are 
indicative of her keen Interest As Pirer and Ferton have ob^erved^ the 
Ccrapahs either alights on the spider while it n being borne along by the 
Pampitus, unobserved by the latter^ or on a spider that i% lying unguarded 
In the open or concealed above the ground, white its captor is busy digging 
her nest- In either case the Cerapaks can be seen bending the Hp of her 
abdomen under the spider for the evident purpose of ovipositing. Ferton 
saw a Ceropaks cribraia follow a Fantpilus cha^yteatus into her burrow 
white she was dragging in a spider, but although a Ctrapahs larva was 
afterwards found on the prey, it is not certain that the egg was laid on this 
occasEon. As will be seen from what follow^s, it might have been laid pre¬ 
viously, The only time t saw a C'cropahs enter a Pampiius burrow was 
w'hen a P. nt{prr was still busy excavating, No spider was therefore On hand 
andt of course^ ovlposition could not have occurred. It was merely a sign of 
Impatience on the part of the parasite, which, after pefjistcxitly watching the 
digger, stole dowm into the burrow as if to Inspect the progress of the work. 

I was pre3Gnt also on a second exceptional occasion when a Ctrapahs 
pounced down with such violence on a P^. riftfhiftt-i with Its spider that the 
tw'o wasps and the spider tumbled about together. The little F. dneirnm 
was so dismayed that she Hew' away in great haste and never returned. On 
this occasion the egg which the Cerapates probably Jaid during her subse^ 
quent tedious manipulation of the spider must have perished because fhe 
Spider was left in the open where it was exposed to ants and otlier predatory 
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That the suipeeti the hostile intention & of the CfFopah’f^ 

\s dear from the behavior of a. P. %*iatstus that hid with her spider among 
the dense grass-blades of a road-side and wonM not venture Into the open 
because she was bdtig watched by tw^o female CrrflPfl/rj each perched on a 
grass-blade, stretching its antenna donTiward and edging nearer from time 
lo time. The angry finally gave chase lo the parasites and only 

after ih^' had flown away did she leave her concealment with her prey. 

“ When a spider on which a CFrapaits has juit alighted is examined, 
the egg cannot be seen at first because it Is placed in inch an uniUspcEited 
spot At the base of the vetitral surface of the abdomen the spider has two 
slit-shaped itigmata which open inlo the lung-books. The w'asp Inserts her 
cgff into one of these. The stigmata look like pockets, with ver>^ closely fit¬ 
ting daps. After the egg is in place the orifice of the jwckct sometimes 
gapes slightly so that one end of the e^^ can be seen. This U apt to be the 
case ill Dmuoiks^ but in the Urge Li-cosids the pockets are so capacious 
that they completely conceal the egg- The place is ohviausly selected be¬ 
cause in ic the egg is perfeciiy protected when the spider is later dragged 
into the burrow' by its rightful owncTn for k \s evident that if the egg were 
merely attached to the surface, it would be e:!?posed to serious injur>' while 
the spider is being drawn through the narrow burrow. The last abdominal 
segment of the female w^hlch is constructed like a short, flat, 

truncated ovipositor—a sttucture unique among the solitary wasps—evidently 
represents an adaptation to the narrow, sHt-shapcd stigmata^ since the latter 
Cart be opened by means of such an instrument and the egg inserteii KqI 
infrequently I have seen an egg in each of the lung-bopks of the same spider. 
Since the PoMifrilus later attaches its own egg to the side of the spider's 
abdomen, the situation becomes very complicated, as there are then diree 
rival claimants for the same spider which is sufficient food for gtily one. A 
few successful breediiig experiments have revealed the drama that is subse¬ 
quently enacted in the dark burrow* 

A (ter an embryonic period oi two lo three days, the C^ropaU^s larva 
batches. Its anterior portion, as far back as the tenth segment, extends 
straight out from the stigma^ while its posterior portion remains concealed 
in the lung-book- Soon the exposed portion Is seen to bend downw'ard till 
the head touches the spider's belly and the iar\a begins to feed. As soon as 
the Cfr&paUs in the other lung-book hatches the older larva evidently sinelEs 
a rival, for It stops feeding, stretches itself out and moves its anterior end 
freely about in the air in the direction of its competitor. The latter is at 
first out of reach, but its soon as the older larva has fed and grown suffi- 
dently in length it attacks its >-ounger compaifion, which \$ quite unable lo 
escape its fate, .After its cannibal feast the larva again bcuds 

down and continues to devour the spider- Not till several days have elapsed 
docs the bTV'a hatch, although the egg was laid not more than a 

few hours after the Crro/alfj egg. When the Fowplius larva begins to 
grow the C^Fopai^s larva becomes aw'are of a new rival and turns in its 
directiorL When a little later it has grown sufficiently to reach the P^mpUuj 
laiya, the latter's fate, too, is sealed. With the elimination of its last coni- 
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petitor tht I^tva turn a again to itic spMtf and di;vdiir£ k coiri' 

plctcly exc^:pt (or a ttw luiassimikble rcmnantSr Tbcfi ihn larva weaves a 
network of pale brown threads among which on the following day it spins a 
pale bro wn cocoon. In one cose w'hkh ] observed the feeding period of the 
larva extended over a period of is days." 

It will be ^cn that the gienerai outlines of the behavior of Ihe 
solitar)' parasitic bees and wasps are strikin|fly sitnilar. Among the 
wasps w e can recognize ttvo types, that of Nysso^n, Sii^us unkmctfis 
and Fsamm&ckare^ f^ectimp^s and that of whereas in bees 

only a single type, bearing a great resemblance to that of Cer^pales, 
is known. It is probable, nevenheless, as I have indicated above, 
that the A''yjjoii type may be represented among the bees by' Sphe- 
roJcf. The tw'o types are showm in the accompanying diagrams in 
which the main activities of the parasite and its host are repre* 
sented in parallel series. 


ATyj^DJt. 

Nysion -_ _ _ _ __ Mating... ... Finding Host ^ . 

Cory/rJ*... „ . ^, Mating.^ * ....... .NidificariDn, Provisioning, OviposSiion. 

Destroying Hosi Egg. ..._ t>,'ipositmg+. + ..... Larva Appropria ting Ffey^ 


Crropafcj. 

__Mating__Finding Host and Prey, OvipO'ritlng. 

j Mating. .. Provisioning, NidihcatlDn 

+. ^Larva feedliig_Rilling Host Larva...,AppropriatEiig Prey. 

Oviposition.,. ^ ,Lar%'a feeding...+ + 


Stirlii. ........Flower visiting., Mating.. i.. Finding Host Xcsl, Ovipositiiig. 

.^icidantia .... Flower visiting..., Mating. .... Si dl hcalior^ Provision ing .. . ^ * 

. .Larva feeding-.. .Killing Host L^n a....Appropristing Food. 
Ch'ipositing..«.Larva feedings. . . . . . . . . . . . .. . .. + 4, + . - - 

In all the cases the parasite takes possession of the food-supply 
(prey or bee-bread) by eliminating the egg or young larva to w'hlch 
it belongs as a result of the activities of the host, but this elimina¬ 
tion may be effected in tw o w ays, either by the adult or by the larv^al 
parasite. In the Nywtt type the mother appropriates the prey and 
bequeaths it to her offspring, in the Ceropahs-Sfeiis type the larval 
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jiarasite seizes the prey or food for itself^ or» regarding the situation 
merely from the standpoirit of the individual life-hiator)' of the 
parasite, we may say that it is predacious either in its first larv'al 
stage or as an adult on the egg or young larva of the host. The 
host egg or larva constitutes an obstacle to the parasite's enjoyment 
of the prey or bee-bread, and as the parasite is a true insect bol¬ 
shevik and member of the I- \V. \\\ its life purpose is completely 
expressed in the impudent imperative: *'Get out^ I want your 
place.” Nor is it surprising that long before the Russian soviets 
the parasitic wasps and bees had learned that the quickest way to 
remove a living obstacle is to kill it. 

There is some diificiilty in deciding w'hich of the two types of 
parasitism represented in the diagrams is the more primitive. Prob¬ 
ably the more aggressive Nysson type was the earlier as indicated 
by the behavior of Psammochares tufi^cs and pectimpes. On this 
supposition the role of assassin^ directed not only against the host 
larva, but also against any competing lan^a of its own species, was 
acquired later by the lan^al parasite as a result of neglect on the 
part of the mother to destroy the egg of the host. The same type 
of behavior, however, is also seen in many other insects when more 
than one egg is laid by the mother in a very limited supply of food, 
c. g., among the larval egg-parasites (Proctotrupids) and the cater¬ 
pillars that live in the heads of composite flowers (Rabaud, 1912, 
1914). In the larval egg-parasites the large, sickle-shaped jaw-s 
arc beautifully adapted for the purpose of killing competing Indi¬ 
viduals of the same species, and the similar mandibles described by 
Graenicher in larv'al bees of the genera SUiis, Cwtioxys and Tric- 
peohis are equally useful in destroying both the competitors of the 
same species and the host larva. 

The social parasites arc most abundantly represented and have 
been most extensively studied among the ants. The literature on 
the subject is so voluminous that 1 am unable to deal with it here. 
Much of it is cited in my ant book ( tgto), w here the subject is con¬ 
sidered in greater detail, and in the first volume of Wasmann^s 
Geseilschaftsleben der Ametsen” (1915). As would be expected, 
the conditions become very complex W'hen a social organism such 
as a colony of ants becomes parasitic on another colony. Among 
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the parasitic relationships four types can be recognized. One of 
these, corresponding to Wasmann's categor^^ oi “compound colo¬ 
nies is represented by a number of small species which live in 
little nests that communicate with the nests of the host by tentious 
galleries* The two species bring up their brood separately, but the 
workers consort with one another freely and amicably in the gab 
leries and chambers of the host. The relations oE parasite and host, 
where they have been determined^ are much like those exhibited 
between cerTain ants and their mymiecophiles {symphiles). The 
most typical o£ these guest ants is our North American Leptodwrax 
tfnarsoni^ the behavior of which I have elsewhere described in de¬ 
tail, From the accompanying table (Table III.), in which all the 
known guest ants and their hosts are listed, it will be seen that none 
of the former is congeneric w ith iis host* Emery's statement (1909), 
however, that; “The myimecophilous ants are not derived from 
forms allied to their host species, but from other genera or even 
from other subfamilies,” is not strictly true, though in all proba¬ 
bility the guest-ants have developed, as he contends, from preda¬ 
tory thief-ants, of w'hich quite a number of species are known to 
nest in the w^alls of the nests of termites and larger ants and to prey 
on their brood. 

The three other ty^pes of parasitism, representing W'asmann^s 
category of “ mixed colonies,” are the slave-makers, temporary and 
permanent social parasite^, which agree in living so intimately with 
their host in the same nest that the tw'o species bring up their broods 
in common. The differences beiw'cen the three types is, however, 
very striking w*hen we follow the development of the parasitic 
eolonVr although it is founded in every case by a single recently 
fecundated female, or queen, that succeeds in entering and estab¬ 
lishing herself m the nest of the host species. The queen slave- 
maker, at least in species like Formica sangamta, breaks into the 
host ne,st and appropriates and fiercely defends a portion of the host 
brood till it matures and surrounds her wdth a number of loyal 
w'orkers, which are then able to rear the brood hatching from her 
eggs. The w^orkens produced by such a queen have the extraordi¬ 
nary habit of making periodical, organized raids during the summer 
nionths on other colonies of the host specks (usually 
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fuscit or one of its varieHes)* and of carrying theft lan'se and pap® 
home and permitting a certain number of thein to hatch as slaves/^ 
so that the colony h maintained as an intfniate mixture of tvvo spe- 
cies, at least for a considerable period. The queen Pciyergas, 
however^ kills the queen of the host eolony whose nest she enters 
and is adopted by the vi'orkers, and the slave-making* or dulotic 
raids of her offspring are even more perfectly organized than in 
sanguhie^^ since Polyergits in all its phases depends absolutely on 
the slaves, or host workers for its food, the rearing of its young 
and the construction of the common nest. It will be noticed from 
the table (Table IV.) that all the slave-making, or dulotic parasites 
belong either to the same genera as their hosts or to closely allied 
genera, though the latter represent two different subfamilies. 

The recently fecundated queen of the temporary social para¬ 
sites belonging to Formica species ol' the rnfa^ mkrogyna and ex- 
secta groups, Boihrhmyrmex, Lrtsitts ambratus and fulig'mosus or 
sonic species of Aphmwgaster, enters the nest of the host in a con¬ 
ciliatory or at any rate pon-aggreasive manner* and after being 
adopted by the workerSp supplants the host queen, when she is kilted 
cither by her own workers or by the parasite, which then proceeds 
to produce her own brood to be reared by the host workers. The 
offspring of the parasite, bovvever* are not slave-makers, so that Ehe 
host workers gradually die off, leaving a pure and eventually flour¬ 
ishing Colony' of the intrusive Species. As shown In the labte (Ta¬ 
ble V.), all the temporary social parasites belong to the same genera 
as their hosts, although these genera represent at least three differ¬ 
ent Subfamilies. 

The queen of the permanent social parasites enters the host col¬ 
ony in the same Insinuating and conciliatory' manner as the tem¬ 
porary' social parasite and is definitively adopted in the same man¬ 
ner after the host queen has been eliminated, but the rate of devel¬ 
opment of the parasitic brood is very rapid, so that adult males and 
females are produced within the lifetimes of the host workers. 
This development of the sexual forms is the more accelerated be¬ 
cause the worker caste has disappeared among the permanent social 
parasites, which represent the culmination, or, more properly 
speaking, the level of the greatest "'degeneration" (specialization) 


TABLE IV. 

SLAV£-MAK1?fG, OH DuLOTIC PaRASITBS. 

P^ridME^. . IfiMtii HjiWuI. Aacmiftt Ctrm*. 
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PeKWANKKT StJCIAL PAHASITKiJ (ANTS WITHOUT WoKKtHS). 

Pjiru«itci. 11 Ml#. IfiyEac. AnNCtiinl Crfkui. 
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among the parasitic ants. The list of the species in the table (Table 
VI.) shows that they all belong to a single subfatnily, the Myrnii- 
cin«. and, with the exception of Hagioxcnus, to genera differing 
from though allied to their hosts. 

The tables to V1. are much more striking as illustrations of 
the natural affinities of the parasites to their respective hosts than 
the table of the bees (Table f.). This is undoubtedlv due partly 
to the fact that the ant-parasites arc structurally much less sharply 
distinguishable from their hosts and partly to the different views of 
myrmccologists and melittologists concerning the scope and dignity 
of the genus as a taxonomic category. The mynnecologist is being 
so constantly impressed with the great structural variations that 
may exist in the same colony of ants and often therefore among the 
offspring of the same mother, that he is apt to be a '* lumper " with 
a vengeance, whereas the melittologist, especially on our radical and 
progressive American continent, seems to develop a veritable pas¬ 
sion for erecting new genera, or even subfamilies on very niinute 
morphological characters. Thus Ashmead created a family Psithy- 
ridae and Cockerell a subfamily Psithyrinae for the bees of the single 
fi^^ns PsithyjrnSf although no one doubts that these insects are ver\' 
closely related to Souibiis, whereas no myrmecologist has dreamed 

of placing the aberrant, workerless parasite even 

in a distinct subfamily, although it differs much more profoundly 
from Teiramoritun and other Myrmicine genera than Psiihvrus 
from Bomhtfs. No melittologist, moreover, ever thinks of placing 
a new parasitic bee in one of the knosvn genera of recoltant bees, 
because the absence of the collecting apparatus is tacitly assumed 
to have decided generic or even subfamily value, but among the 
ants there are several genera {PonAica, Laiius, ApharnogasteT. Cre- 
matog9Stcr, Leptothorgx) which are made to include both parasitic 
and nonparasitic species, because there are no morphological char¬ 
acters by which they can be satisfactorily distinguished.^ 

Leaving out of consideration the guest ants, the origin of which, 
ss we have seen, can be accounted for in the same way as the myr- 

* Forcl has, indeed, placed Formica Mitffmnta in a separate subgcmis 
ttat>tiformtca. and m »lave in another sugenus, Stn-iformtea, but in mv 
opinifirt iK-ithout sufEcicnt ju.stificat]on. 
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niecophil?^, there remains the interesting problem as to the phylo¬ 
genetic relations of the slave-makers, temporaTy and permanent 
social parasites. Obviously’ the permanent parasites can he readily 
conceived as developing either from temporary parasites or from 
dulotic species. The fact that there are among the social bees and 
wasps, as will be shown in the $equel, certain forms which agree in 
all essential particulars with the permanent social parasites among 
ants, although for obvious reasons they cannot have arisen from 
dulotic fonus, W'ould seem to point to the origin of the permanent 
from the temporary' type of social parasitism. On the other hand, 
Pohergiis seems clearly to be in a stage transitional from dulotic 
to permanent social parasitismp and a more advanced stage appears 
to be represented by Strongylogiiathits icstaceas which lives with 
Tc/raijfDrilljjf c(rspitnm and produces workers which arc few in 
number and endowed w'ith ver>' feeble slave-making proclivities. 

It is more difficult to determine the phylogenetic relations of the 
dulotic to the temporary parasites. VVasmann (1905), Emery 
(1909), Viehmeycr (1909P 1911), Brun (1912) and 1 have dis¬ 
cussed this matter in several papers. AVasmann holds that tem¬ 
porary social parasitism, which I first discovered tn various North 
American species of F&rmka, arose from the pleometrosis of such 
fonns as f{}rmiai rufa. In a single colony of this and other acer- 
vicolous Species the females may be very numerous and new nests 
may be formed by daughter queens departing from the maternal 
nest wnth contingents of workers, or recently fecundated queens 
may secure adoption in other nests of their own species. At first 
I was inclined to derive both dulosis and temporary social para¬ 
sitism from such conditionSp but Wasmann insisted on deriving 
dulosis from temporaiy social parasitismp a view which Emery, 
Viehmeyerp Brun and I have rejected as unsound on the principle 
that parasitism may readily arise from predatism, but that the re¬ 
verse development is biologically highly improbable. 1 am now 
inclined to agree with Emery that pleometrosis and the adoption 
of queen ants by W'orkers of their own species are probably phe¬ 
nomena Jill generis which did not lead to social parasitism, that we 
must assume a predatorv' stage not unlike that of R sanguinea as 
the starting point for dulosis and that temporary social parasitism 
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was a subsequent development. Probably the predator)'' saitguinea 
queen originally entered fused nests for the purpose of devouring 
the brood, but later came to care for the larvss and pupte till they 
hatched. We may conceive that the number of appropriated fusea 
young was ntorc than was needed as food and that the queen ac¬ 
quired a fostering relation towards the reitiainder by coming in 
contact w'ith the buccal secretions or fat-exudates of the larv®. In 
other words, trophallactic relations were established between the 
queen and the alien brood and led to a rearing of the latter (Wheeler, 
1918). This might offer a simple explanation of dulosis, a phe¬ 
nomenon which has always seemed unique and difficult of explana¬ 
tion* At any rate it furnishes an hypothesis to be tested by a closer 
study of the relation of p, saiiguhica to the larv'al/iffcti. 

Among the social bees there is only one parasitic genus, Psilliv- 
nis, to which I have repeatedly alluded. Kirby was the first to dis¬ 
tinguish these bees from their hosts, the species of Bouibus, as long 
ago as 1802, but a genus was first established for them by Lcpeletier 
in 1841. The habits of Psithyrus, as described by Holler (18S1, 
1888), Wagner {1907) and SJaden (1912), show that it is to be 
regarded as a permanent social parasite. Like the ants of this 
type, It lacks the worker caste* The female hibernates alone like 
the queen Bombus and enters and secures adoption in a young col¬ 
ony of the latter, usually after the first batch of workers has 
emerged. The Pstihyrus female has a tougher integument and a 
stouter, more curv-ed sting than Bontbus, and though she visits flow¬ 
ers, she does not collect pollen or nectar. After entering the B&m- 
bus nest Staden says: 

"Her first «rc is to ingratiate herself with the inhabitants, and in this 
she succeeds so welt that the worker* soon cease to show any hostility to¬ 
wards her. Even die queen grows accHstomed to the presence of the stranger 
and her alartn disappears, but it is succeeded by a kind of despondency. Her 
interest and pleasure in her brood seem less, and so depressed Is she that one 
can fancy that she has a presentiment of the fate that awaits her. It ii by 
no means a cheerful family, and the gloom of impending disastei? seems to 
hang over %t. But while the queen gtows more defected, the PjHHyrus grows 
more lively, and takes an increasing interest in the comhi crawling about 
over it with unwonted alacrity and examining it minutely," 

The queeti is eventually killed by the parasite, which then begins to 
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lay her eggs. She is at first v^rj prolific^ ^'but she ages and fails 
mqre quickly than the Bovibus queen. . , . The Psithyrus kills the 
Svmbus queen before she has laid the full number of worker e^s, 
consequently nests containing PjiihyrL are not very^ populouSp the 
number of workers seldom exceeding eighty."^ Neither queens nor 
males of Bombus are reared in such infested nests, but the workers 
take to o% 4 positing^ Their eggs would, of course^ produce males^ 
hut the Psithyrus devours them. She '^ pays close attention to her 
new-laid eggs for several hours, giving the workers no chance to 
molest thcni, but the workers soon get reconctlcd to them and 
henceforth they feed and tend the Psiihyrus^ brood with as much 
devotion as if it were their owu species; indeed, they seem some¬ 
times to show a greater fondness for it*” Sladen's concluding re¬ 
marks are very' interesting in connection with the case of Psammo- 
chares rufipes and peethtipes. He says: 

** The otfgirt of Psiihyrus, more espctlaJty of its peculiar paraskical in¬ 
stincts, is an interesting question. If a specimen of Fsiihyrus be compared 
with a specimen of it is seen that the resemblance is not merely 

superficial but extends to nearEy all the imporunt details of structure^ so 
that it is iinpossiblc to avoid the conclusion that FjilAyruj hM sprung from 
Bornbuj, and this at quite a recent period in the hLstor>' of life. Moreover, 
the and this particularly interesting—-show parasitical tendencies 

leading to the parasitism of Fsithyrus. We have seen (pages ss-SS) How 
the Bombus queens may enter the nests of their owm species and kill one 
another, and how, in the case of the twin species, furrtstris and /tcrcnun, 
has extended this habit so as to prey on /sfcorym, killing the 
/icrt’rurn queen and getiing the /uri^rufl! workers to rear her young in practi¬ 
cally the same manner as the Pjiihyri ptey on the BoniAi* It U a retnafkible 
fact that the sting of the queen differs from that of the fMro™m 

queen and approaches that o( Pstfhyruj in being somewhat stouter and more 
cur^-ed, and having its thickened basal portion more paralleUstded when 
viewed sideways than in There is, however, no evidence to show 

that any species of Psithyrus has sprung from the particular species of 
on which it prej's, stich resemhlances as it may show to il in coal- 
colour, etc., being pretty dearly attributable to mimitry or exposure to 
same condiliotis of life, and not to ^ccstrT.',’* 

Among the social wasps only two parasitic species are known, 
Pespa arctica and K. auslriaca. The former belongs to our Cana¬ 
dian faunal rone and infests the nests of V, diabaiica, as Fletcher 
( tgeS) has shoivn ; the latter has long been know n in Europe where 
it occurs in the nests of F. rufa. Recently Bequaert (1916) has 
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succee^Jcd in finding aiuMaco in the United States and surmises 
that It may here be a parasite of T. consobrhia. “ which, although 
ver>- different in coloration, is veiy probably the American race or 
subspecies of Fespa rufa L " A good account of what is known of 
the habits and distribution of anj/ridfa may be found in the papers 
of Robson (iSgS), Carpenter and Pack-Beresford (1903) and Be- 
qiiaert. This wasp is so closely related to K rufu that Carpenter 
and Pack-Beresford regard them as a single species, and the 
triaca queen as producing both rufa and austn’afa offspring. Their 
reasons for this assumption are, however, too weak to invalidate 
the view of the great majority of authors who hold that au^triaca 
^ars the same relation to rufa that Psithyrus does to Ba,«bus. 
Both arctica and austriaca lack the worker caste and eliminate the 
queens of the colonies which they enter. Males of the host species 
sometimes develop in colotiies infested by austriaca, so that, unlike 
P^thyrus and the workeriess ants, this parasite seems not to destroy 
the eggs laid by th^ host workers. 

In conclusion I would record a few reflections that have been 
suggested by the foregoing survey of the various Aculeate parasites. 
The tables show m a rather imposing manner that many of these 
^rasnes have Arisen from their respective host genera,'but apart 
rom such forms as Psa,,fmi>chares pectimpes, Vesfa austnaca and 
Mmc of the parasitic bees like Peresla and Eucondyhps there is 
imle evidence among existing parasites of a direct derivation from 
their host species. This is what we might expect, for in the first 
place the origin of most of the parasites is so remote that even if 
they had remained permanently associated with the species from 

ich they arose, both host and parasite would by this time have 
diverged in structure to such a degree that their genetic affinities 
would no longer be dearly discernible, and in the second place 

ZZ Trr 'v«h their originai 

h^ts which have become nearly or quite eidinct, so that their para- 

.itos have been compelled to adapt themselves ,0 new hosts or 

iLthhs irt Circumstances a parasite would naturally 

artach Itself to a species more or less closely allied to its primitiv^ 

That this has been the course of parasitic evolution seems to be 
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indicated by th^ fact, ^vhich has nOL I btrlicve, been emphasized by 
other students of the subject, that most of the Aculeate hosts belong 
to dominant genera. By dominant genera I mean those that are 
represented by a considerable number of species, some of which are 
very abundant in individuals and widely distributed as distinguished 
from genera that are monotypic or represented by few species of 
rare or sporadic occurrence. Such genera are A»dre»a, Halicljis, 
Aislhftpftorat ilegachilc^ Oimia and Botiibiis among the bees, Vespa, 
and /'jQjfjMiof/iflrcf among the wasps, and among the ants Formica, 
Lasius. Tapinosaa, Pheidole, Crcjiiafogaster, AphimogastiTr Tctra- 
nioriitm, Monomorium and Leptathorax, It is, nevertheless, sur¬ 
prising that no hosts of parasitic ants are known to occur in genera 
like Camponotus and Pohrhachis, which comprise hundreds of spe¬ 
cies and arc widely distributed, the former in all parts of the world, 
the latter in the old world tropics. Probably the dominant genera, 
owing to their abundance in individuals and the wide distribution 
of their species, would act lilte great nets set to capture any para¬ 
sites that have overstepped the bounds of good parasitic manners 
by bringing their original host species to the verge of extinction. 
This would account for the dose generic affinities which ivc have 
seen to be so evident between parasite and host, for a parasite that 
had endangered or destroyed its original host species would itself 
more readily escape extinction if the host were already a member 
of a dominant genus containing many closely allied species, be¬ 
cause this would permit a comparatively easy re-adaptation of the 
parasite to a new host species. Although the parasites would prob¬ 
ably differ in their powers of adaptation, the very similar habits of 
species in the same genus, especially among the bees, vvould greatly 
facilitate such a transfer of the parasitic relation. 

Still even if we grant that the Aculeate parasite has arisen from 
its original host species, we are confronted with two troublesome 
questions, for it will be asked: WTtat induced certain individuals to 
become parasites on other individuals of their own species ? And 
if a parasite originated in this way, what is to prevent it inbreeding 
with its host and thus losing its peculiar tendencies by sw'amping, 
or "panmixia”? One of the difficulties involved in the first ques¬ 
tion lies in deciding on the stimuli that would so affect some of the 
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individuals of a species as to compel them to give up the industrious 
and nonparasitic habits that have become elaborated and fixed as 
an integral part of their genetic constitution, I believe, however, 
that such stimuli exist and that they are frequent and compara¬ 
tively simple. If we take such a constantly recurring external 
stimulus as temporary' scarcity of prey or food, we can understand 
how some individuals of a common species that has outrun its food 
supply or has emerged io seasons or places of scarcity, might find 
it as easy as advantageous to steal the provisions of other indi¬ 
viduals. This is, in fact, a common practice among normally non¬ 
parasitic Aculeata, e. g., in Sfujfn'jr and Psam7wcbares, in bumble¬ 
bees, and honey-bees. And if this external is reinforced by an 
internal stimulus, such as the urgent need for oviposit ion, we can 
see bow a parasitic group of individuals might rcadilv arise within 
the confines of a single species. This urgency of oviposition is 
very' apparent in many parasitic Aculeata, especially ‘among the 
parasitic bees, which often lay several eggs in a single cell of the 
host, though only one larva is able to develop. Psilhyrtis and some 
of the parasitic ants seem to reveal the same urgency. It is even 
probable that this interual stimulus is more fundamental than the 
external stimulus above mentioned and that it may incite the insect 
directly to appropriate the provisions collected by other individuals 
whose ovarian eggs mature more slowly or in smaller numbers. 
\\Tien the parasitic habit is once started it tends necessarily, owing 
to the saving of energy which would otherwise be expended in 
work, to accelerate the maturation of the ova and thus to become 
more and more confirmed by one of the circular processes so fa¬ 
miliar to the physiologist. 

Urgency of oviposition will, Tbelieve, account also for the manv 
cases in which Aculeates have been observed in the act of appro¬ 
priating valuable nesting materials or partly constructed nests of 
other individuais. Fabre (i8go) saw wall-bees (ChaUcodoma mu- 
f'fli'fhj take possession of the partly constructed masonty nests be¬ 
longing to other females of the colony and destroy their eggs, and 
AdJerz (1904) observed other bees (Tractmsa scrratiilep) enter 
each others' burrows and steal the pine-pitch with which they glue 
together the pieces of leaves for their nests. Drory (1872) saw 
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South American stingless bees (Meiipona) overpower other indi¬ 
viduals of their species and bite away the propolis with whkii iheir 
hind legs were charged. 

The difference of sexual maturity between parasite and host 
suggests an answer to our second question, lor the time of m^-lting 
wonld of course depend on the time of sexml maturity and one 
group of individuals may be effectually isolated so far as its further 
phylogenetic developiiient is concerned from another group of the 
same species, if the mating periods fail to coincide in the t^vo 
groups. Thus interbreeding of the parasite with the host might be 
avoided in a very simple luamier, and parasite and host, though 
reared on the same food and in the same environment would never¬ 
theless tend to pursue divergent paths in tlieir subsequent history. 
It w^ould be interesting, therefore, to collect accurate data on the 
rate of larval development, and the time of emergence and mating 
of parasitic Aculeates and their hosts with a view to testing the 
strength of the lu-pothesis here suggested. 

That certain Aculeates respond so readily and in such a uni¬ 
form manner to simple stimuli like the urgency of oviposition and 
dearth of food by becoming parasitic on other Actileates may be 
atiributed to a peculiar niodification of their constitution during 
their long phylogenetic histor)% some of the main outlines of which 
have been dearly revealed by morphological studies. Hymenop- 
terists agree that the higher xAcideates arc descended from primitive 
wasps whose modem representatives constitute the families ScolildK, 
Thynnidse and Mutillidie and that their ancestors in turn are to be 
sought among groups like the IchneurtionidBe, The latter have been 
called parasitic, but it is clear that their lan-ar, which feed on the 
tissues of other insects and eventually kill their hosts are really 
practic ing a refined, prot racted and very econom ical predatism. They 
may be more properly designated as parasitmd^, as Reuter (1913) 
has suggested. The Scoliidse, Th)"nnicke and MutillidEc, which 
seek out the lan^ie of other insects in concealed place.s, r jn the 
soil or in nest-tavities, immobilize or kill them by stinging and then 
de|>osit their eggs on them, therefore occupy a position^ ethologically 
as well as sEructuraJly, midway between the higher solitaiV' wasps 
and the Ichneumonidse. The higher ivasps tn constructing nests 
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and provisioning them with paralyzed insects merely elaborate the 
same fundanientol bchuvioristic theme or pattern, the main features 
of which were also retained by the solitar)' bees even after they had 
ceased to capture insect prey and had !>ecome pollenLvorous and 
ncctarivorous. The social wasps and bees have merely modiEied 
certain details in the behavior of the solitary species. Among the 
ants the modifications are more profound, but the most primitive 
subfamily, the Poncrinse^ sHll exhibits many Sphecid traits. We 
may assume, therefore^ that the ancient parasitoid habits of the Ich- 
neumonid ancestry still abides as a latent^ phylogenetic memory, or 
mnemc, in the const Ltuttoti of the whole Aculeate group. Hence it 
is not surprising that this mneme can be revived in response to such 
recurrent external and internal stimuli as dearth of food and ur¬ 
gency of ovipositioti. Under these conditions the solitary Aculeate 
readily becomes parasitic and reverts to a type of behavior essen¬ 
tially like that of the Mutillids, Thynnldae and Chj^'sididse. In the 
parasitic social Aculeates neiv behavioristic modihcations have de¬ 
veloped as the result of the complex and peculiar living environ- 
ment presented by the social habit of the host* the trophallactic rela¬ 
tions of the mother insect and her offspring and the existence of a 
worker caste. 

The general conclusions that may be drawn from the foregoing 
survey of the parasitic AcuJeata in particular and of insect parasites 
in general may be stated as follows: 

1. We may dtstingulsh two intergrading types of parasitism 
among insects. One of these is true parasitism and is represented 
by the lice, fleas, Matlophaga, many Dipiera (CEsLrid^, Pupipara) 
and some Heniiptera, which live on mammals and birds and do not 
destroy their hosts. The other is parasitofdism, which is really a 
reflnemenl of predatism and is eminently characieristtc of large 
sections of the Hymenoptera and Diptera (Tachinitbe). It leads 
sooner or later to the death of the host. The difference between 
the twQ types is largely due to differences in the size and vigor of 
the hosts. 

2. Parasitoids are of two classes, one of which is best repre¬ 
sented by the so-called Parasitica among the Hymenoptera and the 
Tachinidse among the Diptera, which have no genetic relationship 
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with their hosts. The other ela^s of parasitoids is represented by 
the Aculcates which have sprung directly from their host species 
(intraspecific parasitoids). though they may subsequently acquire 
hosts among other species of the same genus or of other genera and 
may in turn be the ancestors of parasitic species. 

3, The derivation of all the existing Aculeata from primitive 
insectivorous waspdike ancestors may account for the retention of 
a rather uniform pattern of behavior among the parasitic species. 
The parasites, both among the solitaiy wasps and the solitary bees, 
behave in a very similar manner, though the former arc reared qn 
insect prey, the latter on pollen and honey. In both groups the 
object of the parasite is to secure the provisions accunmlated bv the 
host for its own progeny. This involves a destruction o£ the egg 
or young larva of the host. The social parasites, however, have 
passed beyond this destruction of the host brood to a stage involving 
the fostering of the host brood as a means of insuring the rearing 
and alimentation of their own y'oting. This change may have been 
due in the first instance to the forniation ot trophallactic relations 
between the parasite and the host brood. 

4. The origin of parasitism among the Aculeata may be attribu- 
ted to urgency of oviposition and temporary or local dearth of the 
supply of provisions for the offspring. 

5. In all the different forms of parasitism among the .Aculeata, 
there arc traces of the primitix'c predatism or parasitoidLsm from 
which it arose, although in some of the social parasites this is repre- 
sertted only by the aggressive or conciliatory' intrusion of the re¬ 
cently fecundated female into the host colony. Even the more ex¬ 
treme forms of behavior, such as those of the temporary and per¬ 
manent social parasites, were derived from predatory behavior like 
that manifested by EorimVa saittfuinca and its various subspecies 
and varieties. 

6. Although many cases of parasitism are known to occur among 
the .Aculeata, and although many others will doubtless he discovered 
in the future, nevertheless the total number must be small in com¬ 
parison with the thousands of nonpamsitic species. Contemplation 
of such a Series as we find among the ants, heglnning with Portnico 
songuhieo, w'hich is an abiindaiit, vigorous and aggressive species 
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and ending with Ancrgattrs alrahtlus, a smal^ sporadic, and appar¬ 
ently evanescent species^ withoitt workers and wdth ivingle$s^ 
n3'mphoici malcs^ suggests that parasitism among the Aculeatcs 
tends to such eictreme speciali^tion (^Megenemtion ”) as to lead 
to extinction. If we possessed a knowledge of the w'hole evolution 
o£ the Aculeate grotipp we should probably find that the total num¬ 
ber of parasitic species which it produced during the ages was very 
great, but that the vast niajorily of theitip after reaching the Ancr- 
gates or a siltiilarly specialia:ed, or degenerate stage, lingered on 
precariously for a time and then disappeared. 
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THE RELATION- OF THE DIET TO PELLAGRA, 

By E. V. McCOLLUM, Ph.D, 

April ipi9-) 

Pellagra Has long been suspected of being caused by faulty 
diet, and the eating of nialze, particularly moldy maize, has been 
considered by some students of the disease to be the specific cause. 
The studies of Dr. Goldberger of the Public Health Service have 
eliminated com as a causative agent in the etiology of this disease, 
Funk in his entliusiasm over the " vitamine" hypothesis adopted the 
view that not only beri-beri hut scurvy, rickets, and pellagra wert 
each due to the lack of a specific “vitamine" in the diet. He 
further assumed, in order to explain the conflicting results in sonic 
of his experimental work, that other " vitamines ” necessary for 
maintenance and for growth respectively arc necessarj' in the food 
supply. We have attempted during the last two years to discover 
the exact nature of the deficiencies of such diets as are in common 
use among the people of the cotton mill villages in the South ivhere 
pellagra is veo' common. W'c have employed what may properly 
be described as a biological method for the analysis of a food stuff 
or of mixtures of foods. This consists in feeding any foodstuff 
which is faulty in one or more respects to a group of animals, and 
hi other experimental groups the same food supplemented with 
single or multiple food additions, such as pure protein, one or more 
pure mineral salts, one or more of the still unidetitificd dietary 
factors in the form of suitably prepared preparations. VVe have 
throughout these studies emplo}-ed as a working hypothesis the as¬ 
sumption that the essential constituents of an adequate diet are 
protein of suitable quality and quantity, an adequate supply of the 
necessary inorganic elements in suitable combinations, an adequate 
energy' supply in the form of protein, carbohydrate, and fat, and 
two as yet chemically unidentified dietaiy essentials which we have 
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designated "fat-soluble A” and "water-soluble B/’ The lack of 
the former leads to the development of a specific eye trouble which 
seems to be accurately described as a type of xerophthalmia. The 
factor water-soluble B is we believe identical \rtih the substance 
which prevents or cures the disease beri-beri characterised by gen¬ 
eral paralysis which is common tn the Orient. 

Our experimental studies have now* progressed so far as to 
enable us to assert with confidence that a satisfactory diet cannot be 
secured from mixtures containing any number of seeds or products 
derived from the milling of seeds together with tubers, edible roots, 
and meats. The vegetable foods which may be classed as seeds, 
tubers, and roots are all functionally storage organs, and their 
content of active protoplasm ts relatively small in comparison with 
their bulk because of the large amount of reserve food material 
laid down in them. They may be sharply contrasted with the leaf 
of the plant, which except in special cases is not a repository for 
reserii'c proteins, carbohydrates, and fats, but rcpnesciits, aside from 
its skeletal tissues, functionally active protoplasm. The leaf has 
vert' different dietary properties from those possessed by the tissues 
which are modified as storage organs, and in many instances at 
least represents complete foods for those types of animals whose 
digestive tracts are so capacious as to permit them to cat a sufficient 
antount of bulk)- material. We Iiave been able to prepare fairly 
satisfactory diets for an omnivorous animal, the rat, from these 
two tj-pes of vegetable foods together, i. c., leaves and seeds, but 
never from the group of vegetable foods which are functionally 
Storage organs. 

From this experience we have been led to differentiate sharply 
between tivo classes of foods which are usually collectively desig¬ 
nated as vegetables- Leaves are constituted so as to correct the 
dietary deficiencies of the storage tissues, whereas the seeds, tubers, 
and roots fail to supplement mutually each otiicr’s deficiencies with 
respect to either the inorganic moietj- or the fat-soluble A. They 
do in some degree mutually enhance the quality of each other’s pro- 
terns, but to a lesser degree than we had supposed before the com¬ 
pletion of a large amount of experimental work directed toward the 
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quantitalive comparisod of ihe protein mixtures derived from pair^ 
of seeds in considerable number. 

Mixtures of seeds, or of sceds^ tubers* and roots, will in all cases 
require supplcmcntin|f with respect to caleium^ sodium, and chlorine 
among the inorganic elements* and fat-soluble A. In most such 
mixtures the quality of the proteins will likewise be sufficiently poor 
to require improvement before the optimum well-being can be 
secured. 

Wii arc now in possession of a considerable amount of knowl¬ 
edge concerning the distribution of the dietary factor^ fat-soluble 
in animal tissues. The body fats of the ruminants will probably 
always be found to be richer in this substance than the body fats of 
the onmivora because of the greater intake of it in the food. Mus¬ 
cle tissue has been found to he very poor In fat-soluble A, but the 
fats from the glandular organs, L e.* intracellular fats, arc a good 
source of it. It follows, therefore, that muscle tissue such as round 
steak should not supplement mixtures of vegetable foods which be¬ 
long to the storage organ group with respect to fat-soluble A, and 
in OUT e.xpericnce this proves to be the case. The inorganic content 
of muscle tissue resembles in a general way that of the storage or¬ 
gans of plants except in its very low content of magnesium. It is 
loo poor in calcium, and to a lesser degree in sodium and chlorine^ 
to support the optimum well-being in an animal Muscle tissue 
fails to supplement the seeds^ tubers, and roots on the inorganic side. 
The protein content of muscle tissue is high and the proteins are 
probably of high biological value, and, except as respects palala¬ 
bility, it is only in improving the quality of the protein content of 
the ration that the addition of meats of this class enhances the value 
of a mixture of products derived from the storage organ group of 
pbnt products. 

These considerations indicate the basis for our dbtinction be¬ 
tween two groups of foodstuffs. One of these^ which includes 
milk, eggs* and the leafy vicgetables, we have designated as "pro¬ 
tective foods/' in order to call attention to their special importance 
in the diet. They are protective in that they are so constitute with 
respect to their inorganic contentp content of fat-soluble A, and the 
quality of their proteins that they correct in great measure when 
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use<l in sufficient amounts the faults of the remainder of the food 
mixture irrespective of the extent to which it is derived from cither 
seed, titbcr, or root products. \Ve have been able to plan satisfac* 
tory diets of naturally occurring f oods only by the inclusion of one 
or more of these protective foods. The other group of natural 
foodstuffs includes all seeds and seed products, such as the cereal 
grains and their milling products (wheat flour, corn-meal, polished 
rice, etc,), the legume seeds, tubers, edible roots, nuts, fruits, and 
such cuts of meats as come from muscle tissue. 

In all cases where we have attempted to correct the dietary defi¬ 
ciencies of a seed mixture by the addition of leaf only we have not 
secured results so good as with milk, especially w ith such amounts 
of leaf as would be acceptable tn the human diet. The leafy foods 
arc eaten by Europeans and Americans only in a very water rich 
condition, and it is difficult to secure the consumption of enough to 
correct the deficiencies in the remainder of the diet. With animals, 
when ive have fed dry' powdered mixtures containing as much as 
-5 40 pet cent- of the diet derived from leaf and the remainder 

from plant products of the storage organ class, the nutrition has 
been very good in some instances, but not all combinations will be 
equally' valuable. Eggs are decidedly poorer in calcium than are 
the leaves or milk, when only the part exclusive of the shell is con¬ 
sidered, Tlie shell serves as a source of lime to the developing 
chick. Eggs do not, therefore, supplement food mixtures derived 
from storage tissues with respect to calcium to the degree that milk 
and leafy vegetables do. 

Even in such types of diet as contain one or more of the pro¬ 
tective foods in fairly liberal amounts, it is certain that for such 
rapidly growing species of animals as the hog and rat the inorganic 
content is not entirely satisfactory, although it may be good enough 
to enable the animal to perform all the functions of growth and 
reproduction in a vi^y which, tn the absence of definite knowledge 
of W'hat the species is capable of. we should regard as normal. We 
fiave been accustomed to regard as normal an achievement in vigor 
and well being both in man and animals which falls far short of that 
seen in exceptional cases. The most important inorganic deficiency 
in seed, tuber, and meat mixtures is calcium, and this is pro- 
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nounced that we are of the opinion that even in those human die¬ 
taries in which such calciunt-rich food as milk is used in fair liber¬ 
ality. the intake of calcivni may be still below the optimum, and that 
a climet addition of this clement in the form of the carbonate or 
lactate might be of distinct benefit in human nutrition except per¬ 
haps in those regions where the water is unusually rich in calcium 
salts. Since civilized man usually adds sodium chloride to his foods 
to suit the taste, the shortage of sodium and chlorine in the diet of 
man presents no problem. An addition of calcium could be most 
conveniently made to onr foods through the use of a mixture of 
equal parts of common salt and of calcium carbonate in the kitchen 
and on the table. 

A question which has never been answered to the satisfaction of 
physiologists is: How much protein should the diet contain in order 
to maintain physiological well being? At about the time when the 
question was being most discussed, the chemistry of the proteins 
WPS developed to a point which made it clear that there were great 
differences in the biological values of the proteins from different 
sources, depending on their yields of certain amino-acids. This 
mpkes futile any attempt to establish a particular intake of protein 
which may represent the minimum, optimum, or maxi mum amount 
consistent with maintenance of “normal*’ vitality and health. The 
quality of the proteins must be known before anything can be said 
about the anioiint of protein necessary. From biological tests wc 
now' know that the proteins of the pea or navy bean are worth only 
about half as much for growth in the rat as are equal amounts of 
proteins from one of the cereal grains, and that the latter have about 
half the value for the conversion into body proteins which can be 
shown for the proteins of milk. The relative values of the proteins 
from different sources, as well as the absolute values of certain of 
them, are just now becoming appreciated. 

There are two opposing views regarding the amount of protein 
tvhich ivill produce tlie best results. Those who advocate the low 
protein diet point to the "specific dynamic action” of protein, 
through which it stimulates metabolism. They believe that a high 
consumption of protein furnishes pabulum for the development of 
an excessive growth of putrefactive bacteria, with the result that 
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toxic or irritating products of the degradation of certain amino- 
acids are absorbed in amounts sufficient to cause damage to the tis¬ 
sues. It has been recommended that man should, in adult life, take 
only such an amount of protein as ivill cover the endogenous loss 
due to tissue metabolism, together with a not well-defined “ margin 
of safety." The opponents of this view regard a liberal (Wotein 
allowance as essential to vigor and aggressiveness, and point to the 
use of lilwtal amounts of meat by the peoples who have been char- 
aclerirecl by greatest achievement. Among all the progressive peo¬ 
ples of the world the food supply is derived to a greater or less 
extent from daily products, and this portion rather than the meat 
eaten w e have come to regard as of peculiar importance in improv¬ 
ing the quality of the diet. In order to test this question wc con¬ 
ducted a scries of experiments, employing rats which were about 
nine niotuhs old. or about one fourth through the normal span of 
life for this species, and were in excellent nutritive condition. They 
were fed diets which were fairly satisfactory' in all respects except 
that the protein content iitis not far from the actual amount re¬ 
quired tor the maintenance of body weight for a few weeks We 
observed unmistakable signs that the vitality of the animals was rap¬ 
idly lowered on such a dietary r^ime. This was shown especiallv 
by the rapid aging and short span of li fe. Even though the initial 
body weight was approximately maintained for a period of three 
months or more, distinct signs of aging were alwaj-s apparent within 
five to ten months. Three months in the life of a rat correspond 
to about a.4 per cent, of the average span of life. It can be readily 
appr«med that if harmful effects in corvesponding degree follow 
the adherence by man to such low protein diets they would not be¬ 
come apparent within the time covered by any experiment yet con 
ducted upon a diet squad, few of which have been restricted to any 
experimenta diet beyond six months. A reputed ^uisfactorv ou, 
come of si^h experiments cannot be accepted as evidence tha^ men 
on diets which furnish but a small margin of protein o.'tr the actual 
maintenance requirements are so nourished as best m 

health. .Vging a. two to four times the rate obse^^ed in ^ I 
».isf»orily „„„rkM »■„„« 

on man with which we are familiar. ^ ^pvnmcnt 
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The results of experiments vvitb grown men restricted to ex( 3 eri- 
mental diets for a few weeks or months do not form a safe basis for 
drawing condusions as to the qualiiy of the foods employed. Cer¬ 
tain condiisidns may be warranted from general observations on 
children living on faulty diets, and important deductions may safely 
be drawn from the experiences of large groups of people living upon 
more or less restricted lists of foodstulTs. Beyond this w^e must be 
guided in human nutrition by the results of animal experimenEatbn, 
in which the conditions can be made suflieiently rigid to bring into 
stronger contrast the faults of certain types of diets as contrasted 
with others. It is certain that the injurious effects of certain die- 
tar>^ practices are very real and yet not promptly apparent. "Fhc 
debilitating effects of faulty diets may vary in their severity from 
such as >vill produce polyneuritis or xerophtlialmia or SGurA*}" within 
a few weeks, at one extreme, to such as ^vdl cause nervousness and 
restlessness in varying degree, susceptibilit)- to disease, and the ac¬ 
quisition of all those characters such as roughness of the skin, thin¬ 
ness and coarseness of hair, and attenuation of form w'hich accom¬ 
pany the process of aging at a distinctly greater rate than would be 
the case were the diet of a highly satis factor}' character. 

Wt have much evidence that in case there is a close approxima¬ 
tion of the actual physiological minimum for any factor during 
growth, such as one or more of the essential inorganic elements or 
one of the utiidentiiied dietary^ essentials, lack of ability to meet the 
more strenuous demands of reproduction and the suckling of yoimg 
will be observed, and the tendency will be great for the individual 
to be carried off suddenly cither by disease* or, as frequently hap¬ 
pens, by causes Avhich are not readily determinable. 

All our experience with diets of low protein content have indi¬ 
cated that animals do not remain in a state of optimum well-being 
even when the content of protein is sufficiently high to maintain In 
certain individuals the initial body weight over as much as lo per 
cent, of the normal span of life* We believe that health and vigor 
are promoted by a liberal intake of protein of good quality belter 
than by any diet In w4iich there is a tendency towards parsimony 
with respect to this dietary factor)'. It should not be lost sight of. 
however, that there are other factors in nutrition which are of equal 
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iniportance with protein, and that if the optimum welUbeing is to 
be attained the diet must be rightly constituted with respect to all 
its parts. In addition to this the prompt elimination of the fecal 
residues is essential and is a great relief to the tissues of the entire 
body. 

With an understanding such as we now have of the nature of 
the faults of diets of different types, and an appreciation of the 
fundamental importance of deriving the constituents of the diet 
front the right sources, this being of much greater importance than 
composition as revealed by chemical analysis, one is in a position to 
interpret the relation of pellagra to diet, 

Goldberger has emphasiaed the fact that the diet of those living 
in districts in which pellagra is common is lacking in sufficient 
amounts of certain foodstuffs, especially milk, e^s, meats, and the 
legume seeds. In many instances bolted wheat flour, degenninated 
coni-meal, polished rice, sugar, syrups, or molasses, sweet potatoes, 
and meat, principally pork, form almost the entire list of foods 
eaten by families during the winter season, at the end of which new 
attacks of pellagra are regularly seen. From what has been said it 
will be evident that the diet of the pellagrous is deficient in four re¬ 
spects, and that the nature of these is well understood. Tliey are 
the deheieneies of the plant products which belong to the storage 
organ group, but more pronounced because of the protiiincnl place 
which milling products, u'hkh represent the endosperm of the seed, 
find in such diets. Products such as bolted flour, degemiinated 
corn-meal, and polished rice arc decidedly poorer in inorganic ele¬ 
ments than are the seeds from which they are derived; their pro¬ 
teins appear to be of poorer quality than are those of the cell-rich 
structures near the periphery, or of the germ, and they are almost 
devoid of fat-soluble A and very poor in water-soluble E, Whereas 
diets derived from whole seeds, tubers, and edible roots contain 
sufficient phosphorus to meet the requirements of ihe most rapidly 
growing species of animal, such as the rat. and the limiting inor¬ 
ganic elements are calcium, sodium and chlorine, it may be that in 
diets in which the degerminated and dixorticatcd cereal products are 
employed in liberal amounts, and where in addition starch, sugar 
and mohsses arc regularly used freely, phosphorus or iron or both 
may likewise become important deficiencies. 
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Goldberger attempted to solve the problem of whether pelk|fra 
is due to lack of something essential m the typical “ pellagrous"" diet 
by a direct expenment on man. He restricted men to a diet pre- 
[>ared from bolted wheat flour* degermlnated com-meah polished 
ricup starch* sugar* syrup* pork fstt, sweet potatoes, cabbage, collards, 
turnip greens and coffee, and at the end of five and a half months 
five of the eleven men who took this diet were diagnosed as exhib¬ 
iting incipient signs of pelbigra. That the disease was actually pro- 
diiced has been emphatically denied by JIcNeaL 

In another experiment Goldbcrgcr and fifteen of his associates 
made heroic attempts to infect themselves with material from the 
lesions of pellagra, and with excreta from pellagrins* but without 
success. The experimenters were* however, taking a diet of good 
quality while these attempts were being made. 

Still more convincing evidence that the diet is at least an impor¬ 
tant predisposing factor in the etiology' of pellagra Is furnished by 
the experience of Goldbcrgcr in improving the diets in instilntions 
in which the disease was common* These diets were observed to 
consist largely of dcgerminaled seed products, tubers or roots* and 
fat pork, together with luiDlnial amounts of leafy vegetables, fruits, 
eggs, meats, and milk* and the legume seeds. On modifying the 
diets of orphanages and of an insane asylum by the addition of lean 
meat, milk* eggs, and peas or beans, the condition with respect to 
pellagra steadily iniproved* and the disease promptly disappeared. 
New raises were admitted from without and the sick were mingled 
with the w'ell, but after the improvement of the diet no ntw cases 
developed. 

Those who liave had extensive experience wdth pellagra are in 
agreement in the matter of the fundamental importance of dietary 
treatment together with any other method of management of pella¬ 
grins, and the assertion has been made by Roussel that w'ithout 
dietary measures all remedies fail, ^fhe results obtained by Gold- 
berger point clearly to the belief that the disease develops because 
of some one or more faults in the diet. They afford no basis, how¬ 
ever, for judging as to the nature of these faults, wheiher they are 
in the nature of a lack of a sufficient amount of one or more chem¬ 
ically unidentified dietary essentials of a specific character^ as is 

PAOC AUER, fHFL. soe, VaL. LVIfI, D, JUNt 1919. 


50 McCOLlum—relation: of diet to pellagra. 

known to be the case with beri-bcri and the xerophthalmia of die* 
tary origin, or whether pellagra may be the resak of taking a diet 
faulty in respect to the quality or qiiatitity of protein, relative short¬ 
age of one or more of the essential inorganic elements, or of the 
recognized unidcntiiied dietary essentials as contributing factors. 

In his earlier papers Goldbei^er expressed the view that: “On 
the whole, however, the trend of available evidence strongly sug¬ 
gests that pellagra will prove to be a ' deficiency ’ disease very closely 
related to beri-beri,” Chittenden and Underhill reported the pro¬ 
duction in dogs of a condition suggestive of pellagra in man by re¬ 
stricting the animals for periods oi from tts'o to eight months to a 
diet of crackers, peas, and cottonseed oil. They formulated the con¬ 
clusion that: “From the facts enumerated the conclusion seems 
tenable that the abnormal state may be referred to a deficiency of 
some essential dietary constituent or constituents, presumably be¬ 
longing to the group of hitherto unrecognized but essential compo¬ 
nents of an adequate diet," 

We have reported elsewhere the results of a study of the nature 
of the dietary faults of a mixture of bolted wheat flour, peas, and 
cottonseed oil, and found that it was an incomplete food, but that it 
was rendered complete for the support of normal growth in the 
young rat by the addition of purified protein, certain inorganic salts 
(NaQ and CaCO,) and fat-soluble A (in butter fat). It is of 
course not satisfactorily estahitshed that the condition produced in 
dogs by the diet of Chittenden and Underhill was actually the coun¬ 
terpart of pellagra in man, strikingly similar as the results appear. 
We hold the view that if the condition produentd in the dogs of these 
investigators is actually to be regarded as experimental pellagra, it 
cannot be regarded as caused by the lack of an unidentified dietary 
essential, since tlie only one of these necessary for completing the 
diet (for the rat) is that contained in butter fat, and the latter sub¬ 
stance is not curative for any condition resembling pellagra, but for 
a specific eye disease, xerophthalmia. 

In his most recent studies Goldberger and his associates exam¬ 
ined the diets of pellagrous and non-pellagrous families in villages 
in South Carolina, and found that the diet of the non-pel lagrous 
contained more milk, fresh meats, eggs, butter, and cheese than did 
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the diets of pelbgrqus familiesH and that cabrihe value of the diets 
of the former households was somewhat higher than of the Inter, 
Animal proteins were eaten more liberally aticl cereal proteins were 
eaten less abundantly by the iton-pelLagrous than by the pellagrous 
households. The pellagrous households had a distinctly smaller 
supply of fat-soluble and a somewhat smaUcr supply of water- 
soluble B than did the non-pellagrouSp and the inorganic content of 
the diets of the latter were of less satisfactory character than those 
of the former households. We do not regard a moderate shortage 
of one or another of the chemically unidentihed dietary factors as 
of greater gravity than faulty character in any other dietary factor. 
Our studies of the several foodstuffs kad us to agree with Gold- 
berger^s interpretation of the quality of the diets of pellagrous and 
non-pell agrous hoit:2L'hokls in all respects. 

From the ob^ervatiems which ivc have made concerning the 
chemical factors which the diet must contain in order to be adc(|uate 
for the support of gro\nh tn the young, or the maintenance of phi s- 
iotogical well-being in the adult, together with the results of oiir 
Studies of the qualities of each of the more imjiortant kinds of nat¬ 
ural foodstuffs, we are not able to account for the etiology of pel- 
Icgra on the assumption that it is a disease which is due to the lack 
of a specific substance or substances of unknown chemical nature, 
as are without question heri-beri and xerophthalmia. This follow-s 
from the fact that, with the exceptions of certain manufactured food 
products which are derived from the cndospcmi of the decorticated 
grains, any natural foodstuffs of the cla.s3 of seeds, tubers, edible 
roots, or leafy parts of the plant, arc so constituted that they can be 
supplemented by means of three kinds of purified food additions of 
known nature: viz., protein, certain salts, and fat-soluble .A, so as 
to be complete for the nutrition of the young rat throughout the 
growing period. This has been demonstrated to be true not only 
for each of the ordinary' human foods but likewise for such mixtures 
as form the monotonous diets of the pellagrous. 

It is necessary, therefore, that we choose between two alterna¬ 
tives in arriving at an opinion concerning the etiology of pellagra. 
We have the assurances of Goklberger and his associates chat a diet 
such as that described on page 49, and having the qualities described 
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in the preceding paragraph, has produced incipient pellagra experi- 
nicntaliy in man, but this claim has been disputed by other compctetit 
obscr%'ers. In our experimental work with the diet of peas^ crackers 
{wheat fiour and fat), and cottonseed oil^ which in the experience 
of C"hiltenden and Underhill produced in dogs a condition resem- 
bltiig pellagra in man, produced in rata only general nmln lit ration, 
without the skin changes, diarrlica, or pathological changes in the 
mucosa of the alimentary tract. Aro we to accept the view that 
pellagra is actually produced by a deficiency of something necessary 
to the normal nutrition of man but not nccessaiy' for the rat? The 
jwssihility that the dogs of Giittenden and Underhill were infected 
is not excludedp and an infectious agent inay well have established 
itself in animals restricted to a diet so faulty as one derived from 
crackers {wheat flour and fat), peas, and cottonseed oil. Gold- 
berger seems to have safeguarded his experimenta! men against in¬ 
fection, and it is unfortunate that a sufficient number of undisputed 
authorities were not calledJnto consultation, to forestall the possi¬ 
bility of a t^ucstion arising concerning the accuracy of the diagnosis 
of pellag^a^ such as ilcXcal has raised. 

We are left in the situation which has arisen in the discussion of* 
the ctio!og>^ of scurvy, h has been dearly shown that there is no 
difflculty In repeating the experimental work which demonstrated 
that a guinea pig will develop severe scur\y (or some syndrome 
resembling it) on a number of diets on which the rat will thrive 
during the growing period. Docs this mean that the guinea pig 
rettuires one or more chemical complexes for its nutrition that are 
disijciisable to the rat ? There is no doubt that the guinea pig nor¬ 
mally takes a diet rich in succulent vegetables, and which produces 
bulky^ easily eliminabic feces* The rat and swine^ as well as man, 
thrive on certain diets which leave liitic indigestible residue. Such 
siKcIai requirements in the guinea pig make it next to impossible to 
compare this species with man or the rat in similar dietary studies. 
The experimental data obtained with the guinea pig must be used 
with caution in reasoning concerning the etiology' of human scurvy. 

In our attempts to produce iu aniinal.s a condition analogous to 
pellagra in man we have not been successful, but have observed only 
a generalized poor condition instead. The evidence is practically 
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oil that Chittenden and Underhiirs dogs suffered all the pathological 
changes which they record &oldy as the rcsuk of chemical faults in 
the diet. Our experiments with their diet show it to be incapable 
of maintaining satisfactory nutrition because of faults in the dietary 
factors. The possibility of an infection in their anlmalsi is not ex¬ 
cluded, and is indeed rendered probable if we grant that lowered 
vitality predisposes to infectioir These reasons together with the 
lack of positive proof that the men restricted In Goldberger^s experi¬ 
ments to a diet similar to that described were actually developing 
pellagra, warrant, we believe, our accepiing as probably corre*ct the 
conclusions of the Thompson-ilcFadden Commission and of Jobling 
and Peterson that pellagpta is cau^d by an infectious agents and 
that unless it has been Introduced into a district there may develop 
such a condition of lowered vitality from faulty diet or other debili¬ 
tating influence as would predispose one to an attack, without the 
appearance of the disease. The debilitating effects on animals of 
diets derived from cereals, Lubers, roots, and any food products 
formed from the fnilling of grains together with legume seeds and 
meats, are so striking that we believe similar diets would produce 
in man a susceptibility to infectious diseases such as tuberculosis or 
pellagra, have come to hold the view* as the result of our 

studies of diets of the type common in pellagrous households^ that 
the predisposing influence for both Is in general the same, and the 
character of the unsanitary conditions surrounding the individual 
may determine which of these two diseases he will develop. 

From the studies which we have described elsewhere wc are 
enabled to point out deflniiely the relative values of several footls as 
correctives in the diet of the pellagrous. Hitherto the legume seeds 
and lean meat were classed with milk and eggs in this respect, and 
nothing was said about the unique qualities of the leafy vegetables 
as supplements for food mixtures derived from plant products of 
the storage organ group. It is clear that the most important food 
to be recommended for consumption in pellagrous districts is milkp 
because of its cheapness as compared wdth the same protective value 
in foods from other sources and its threefold corrective character 
as contrasted with meal which enhances the type of diet found in 
the pellagrous household only with respect to the protein factor and 
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eggs which are not so good as milk because of their lower calcium 
content. The legume seeds^ notwithstanding their high content of 
protein, are without any appreciable value for improving the diets 
uhkh predispose to pellagra, because of the poor quality of their 
protein and their failure to supplement a diet derived f rom vegetable 
foods of the storage tissue class in other respects. 

Botli meats and eggs are more expensive sources of protection 
against faulty diet than milk. An effective campaign of education 
should be conducted in all districts where diets of a character likely 
to predispose to pellagra are common, informing the people about 
the great benefits to health from regular and very liberal use of leafy 
vegetables. This would be a movement toward the establishment 
of dietar)^ practices resembling those of the niorc nearly vegetarian 
groups of Gtinese and Japanese^ and if in addition the inclusion of 
a suitable amount of milk in the diet can be securedp not only vvould 
pellagra disappear, but the general health of the people would be 
promoted. 

The prevalence of pellagra in certahi pans of the South rather 
than m other sections of the countr)' is probably closely connected 
wuth the development of the mendern milling industry. Tins places 
in the grocery store the clegerminated and decorticated part of 
the grain. The rise of the sugar industi^^ offers for human con¬ 
sumption both sugar and molasses in quantities unheard of until 
recent years. 

The widespread practice of groivlng a ca$h crop (cotton), and 
of depending on the retail store for the greater part of the food 
supply rather than of engaging in diversified farming appears to be 
in great measure responsible for the existence of pellagra. The 
food products which can be handled commercially without hasrard 
are not in general satisfactory fcK>dsttiJTs unless properlv supple¬ 
mented with certain others which correct their deficiencies 
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EVOLUTION AND MY'STERY IN THE DISCOVERY OF 

AMERICA. 


By EDWIN SWIFT BALCH. 

{Re&d April 

It usually suppqsed that the American continent was revealed 
to Europeans by an incident known as the dbeover}^^ of America. 
This is assumed to have taken place almost with the tinexpected-- 
ness and rapidity of a stroke of li^htnin^ or the breaking of an egg. 
The reality, however, is quite different. The opening up of the 
N'orth and South American continents to the white races of Europe 
is due to a long series of events and movements, that is to evolu¬ 
tion, and not to a single occurrence ideally fathered in one indi- 
vidual's brain and which his genius brought from an ideal stage 
into a concrete matter of fact one. Not only was it a process of 
evolution which made knowm the New World to the Old World, 
but it was an evolution so long drawn out that it was entirely un¬ 
noticed at the time and as a result many of its steps are forgotten 
and much of it is most haEv, Indeed the most salient point in 
regard to the recognition by Europeans of the existence of the 
.■\merican continent is that it is an evolution veiled in mystery. 

All geographical disco vein,’ indeed is an evolution and this evolu¬ 
tion proceeds from many causes. One of them is the movement 
and migrations of peoples. People slowly filter into lands new to 
them, discovering as they go new' sites in which to hunt and in 
which later to dw'ell. They are not on the outlook for discoveries 
proper, they are not searching to penetrate the secrets of the 
unknowm: they are merely seeking new spots in w^hich to live, be¬ 
cause for some reason they are driven out of their former homes. 
Overpopulation it may he, or the diy'ing up of the water supply and 
the destroying of the soil by cutting dowm the forests, or some other 
canse; but whatever the cause something impels certain peoples 
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to move into fre?h fields and pastures new and by so doing they 
open up new lands and new waters. 

The most potent cause acting on the individual to make him a 
geographical explorer is the fascination of the unknown. Some 
men seem impelled by the spirit of ctiriosity to pry into things 
hidden from their ken. WTien more highly developed this changes 
into the spirit of research and those smitten by it delve into the 
unknown with the scientific purpose of adding to the sum of human 
knowledge. In some men this spirit manifests itself in trying to 
unveil the untouched parts of the earth, seas or lands, even if merely 
some small untrodden mountain peak, to which the fascination of 
the unknown lures them on with irresistible appeal.. 

As a sequel to this, though in lesser degree, a good deal of ex¬ 
ploration is due to the desire for adventure or sport which some men 
are imbued with. Without any special curiosity to seek new parts 
of the earth, they are driven hy their nature to hunt or to fish. 
And in their wanderings carried out to gratify other tastes, inci¬ 
dentally frequently they make geographical discoveries which later 
comers complete and verify. 

An extremely active and effective agent in bringing about knowl¬ 
edge of the surface of the earth is commerce. Peoples search for 
greater food supplies: they search for new countries from which to 
bring home useful products; they search for new markets in which 
to sell their own productions. Merchants put up the cash and sta 
captains and sailors start off to make that cash fructify. iVIany 
voyages have been made in past centuries in which geographical 
discovery was entirely secondary to commercial gain and yet in the 
pursuit of the latter some rich prizes in exploration have fallen to 
traders who cared but little for them. Some men have sought new 
fishing grounds; others have followed fur-bearing animals; others 
again have gone to enslave their fellow men. Sometimes success¬ 
ful. sometimes unsuccessful in their quests, these men. in a purely 

accidental way. have revealed many a new land or sea to their 

fellows, 

Wliat we know of past geographical discovery depends mainly 
on two sets of evidences: written records and maps. A trifling part 


IX THE DISCOVERY OF AMERICA. 


57 


of it cL^pi^nds on arcKeological evidence and another on tradition. 
The mo^t important evidences are: the narratives of travelers them¬ 
selves or the aeeouJitB ’ivritten of travelers by their contemporaries: 
maps. In many cases a map is the only record. It delineates a 
land or a sea of which there is no written account dating back as 
far as the date of the iitap. And when one finds on a map some 
earth feature correctly placed and even if one knoivs nothing of its 
discovery' or its discovererp it is difficult to refuse to recognize that 
that particular bit of the world had been seen and reported bv some 
perhaps forgotten person. Maps m fact are something like por¬ 
traits. A genuine portrait is hard to deny. So A-aluable as iden¬ 
tifications are photographic portrattSp that now' they" are placed on 
passports in some countrie.^. If at all accu^lte^ niaps are among the 
most uncontrovertible evidences of geographical discovery. And it 
is precisely on maps that many of the riddles connected with the 
unfolding of the geography of the American continent are 
presented. 

The earliest Europ^n invaders of the American continent found 
it tenanted by native races. \V1io W'ere these races and when and 
w'here did they come from? While no positive answer can be 
given to these questions, yet wc knoiv now that our American 
natives have been here a long^ long time, and that they had been 
acted on by the force of evolution for niany millenniums before the 
white rate came to contest with them the ownership of the lauds 
stretching from Grant Land to Tierra del Fuego. The ancestors of 
our historic Indians and of our present Eskimo w'ere* of course, 
the real original inhabitants of Americap but when and how they 
bccajne so is at present unknown to us. Were they autochthones? 
We do not know! Or did they wander in from Asia? Again we 
do not know! But if they did the latterp and it certainly seems 
the most probable^ then they spread over the American continent bv 
migration and, in a certain, sense therefore^ were its original 
discowrers. 

The evolution of the European invasioin of America, as fai as 
accessible records show^ begins in early historic times. Between 
the years looo and 5"^ E,C., some Phrenicians circumnavigated 
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Africa, They started ftotti Egypt, went down the east caa$t of 
Africa, rounded the Cape of Good Hppe^ and returned via the west 
coast of Africa and the Straits of Gibraltar. Their chronicler, 
Herodotus, unfommately gives them a verj' meager notice, Never¬ 
theless theirs was the first historic voyage on the Atlantic Ocean and 
the first recorded step leading to the discovery of America by the 
peoples of Europe.^ 

The nejit attempts at exploration in the Atlantic of which we 
have any record are the journeys of the Carthaginians Hannp and 
Himilko. Han no sailed from Carthage about 500 passed 

through the Straits of Gibraltar and turned south along the African 
coast. He reached a countinr' where he found hairy men with some 
of whom he had fights in which he killed three w^hose skins he 
brought back to Carthage where they long liung in one of the 
temples. These hairy men are by some writers surmised to have 
been chimpanzees or gorillas. At about the same time as Han no, 
Himilko is said to have made a Journey beyond the columns of 
Hercules, to have turned north and to have reached a land where 
there was much tin. This probably was Great Britain. The 
Phcenicians, however, may have kmown more about the Atlantic than 
has come down to us m any record, for it is said that coins from 
Carthage and other towns in North Africa have been found on the 
island of Corvo, the most westerly of the Aaorcs. 

The fourth recorded journey of exploration in the Atlantic is the 
voyage of Py^heas. A Greek, of Massilia (Marseilles), he sailed 
through the Straits of Gibraltar about 350 B.C,, turned north and 
reached the shores of Britain. Along these he sailed far to the 
north, until he arrived in a region w'here a sort of thickening of 
the dements, which he sasd resembled a marine lung, filled all space. 
It is surmised that he had reached the rains and fogs qf northern 
Scotland and perhaps of the Orkneys and Shetlands, a surmise the 
more probable as he speaks of the sun dipping under the horizon for 
only a short time. 

lA few references arc given with this paper m regard to fa^rts only 
lately brought into prominence. For the other facts mentioned, referenees 
by the btInd^x^d may be found in Edouard Charton'^ '^Voyageurs Anciens et 
ifoderncs^; in Justin Winjor's Narrative and Critical History of America'^j 
and in the works of A. E, Nordenskjold and Henry Harrissc. 
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The Romans, through Julius Csesar's conquest of Britain, made 
a step forward by cleartitg up the geography of the British Isles, 
After their departure, when Britain proper into anarchy, for 
several centuries Ireland remained in a decidedly advanced state 
of culture. Ireland also is the most westerly outpost of Europe, 
These two factors combined lend authority to the statement in one 
of the Norsk Sagas that when the Vikings first reached Iceland in 
the ninth century .A.D. they found some Irishmen settled there. 
1 he importance of this is obyious. Iceland is much nearer to 
America than it is to Europe. From a navigator*s point of view it 
is an .American island. .Any people w'ho reached Iceland was bound 
sooner or later to reach America. And effectively in another of the 
Norsk Sagas, there is a mention of a Great Ireland far in the west, 
which may refer to Greenland. But while it is impossible to say 
exactly tyhat the Irish did do or where they got to, it is nevertheless 
unquestionable that they foigcd an important link in the evolution 
of the discovery of America. Indeed their discovery of Iceland 
seems to w'arrant considering them the first European discoverers 
of an American land. 

The Norsemen or Vikings it was who first made recorded ex¬ 
plorations beyond Iceland, which they reached by the ninth century 
,A.D., and ^vherc they settled, lived and quarrelled. They left semi^ 
historic and scmi-poetic narratives, the Sagas, of some of their 
doings and from those we can glean a good deal about their ex¬ 
plorations %vhtch if not historically accurate, is at least too accurate 
not to be based on actual facts. It was some time before the year 
IQOO .A.D, that one of the Vikings reached Greenland. Did he sight 
Greenland from Iceland, which is said to happen occasionally in the 
clearest weather? ,At any rate a certain Gunnbiom is claimed to 
have sighted Greenland before 900 ,A,D. Or did the first discoverer 
have a quarrel and was he driven out of Iceland ? There is a story 
to that effect about Eric the Red, who is believed to be the first 
Norseman who actually landed on the shores of Greenland- He 
was followed by his son Leif Ericson, by Bjarni Hcrjulfson. by 
Thorfiiin Karlsefni, and others. Settlements were formed in 
Greenland and further voyages were made to Alarkland, to Hellu- 
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hnd and to Vinland, All tbest^ places wore real, were ^enuinelj^ 
reached, but unfortunately their location is uncertain- Some 
writers think the Vihlngs reached Labrador and Kewfoundland; 
others think they got as far as Cape Cod; and to this view I am 
myself inclined^ But from the evidence, the most southern locality 
reached by the Viking^s can not be positively identified. 

But in Greenland the Vikings left positive traces of their sen 
jotirn ill the shape of ruins. Some of these are the remains of 
churches, and it is known that there were missionaries and religious 
men among them. And towards the years 110&-1200 A.D,, there 
is no doubt that there was intercourse between the Greenland settle¬ 
ments and Iceland, Slowly however, darkness settles over the 
Greenland Vikings. Did they all come back; did they die outi or 
did they migrate to the West? We do not knmv. Only a few 
years ago, some rather light-haired Eskimo ivere found near Corona¬ 
tion Gulf and w^ere sunuised to be descended partly from the Green¬ 
land Vikings, At any rate these latter were gradually forgotten 
in Europe, where Greenland remained on the maps, however, as a 
peninsula attached to Northern Norway, for instance in a map of 
1368 and ill the Ptolemy of 14S6. All this is haz)% it is mysteriouSp 
but nevertheless it is certain that the Norse Vikings were genuine 
European invaders of the New’ World. 

One talc there is that about njo A,D, a Welsh chieftain^ by 
the name of MadoCp reached the coast of North Amertca. This 
legend Is unsupported by any evidence save that there is a simi¬ 
larity betw'een some half a do£en Welsh and American Indian 
words, and this evidence Is so perfectly flimsy, that It seems safe to 
relegate a \VeIsh discover^' of America to the realm of fairy stories. 

It w-as notp however, the voyages of the uorthern VikingSp it w as 
the voyages of the Portuguese, Spaniards and English, which led to 
the peopling of the American continent by the European races* 
WTile striving to reach the East Indies by sailing west, the hardy 
mariners from southern and western Europe found the way barred 
by the West Indies or New World. Already in the fourteenth 
century, it is said as early as 1350^ the Portugi,ie5e began to make 
gradually lengthening voyages to the islands off the north-west 
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coast of Africa. Why did they do so? It seeing as if there were 
several causes. Of course liiere was the fascination of the un¬ 
known, the joy oF discovery^ but uudoubledly the main cause was 
commcrciah And this commercial impetus apparently was due to 
tlic Crusades and to the invasion of Europe by the Turks. For 
those wars, in which Christians and Moslems smashed each other's 
heads f qr the ^lory o£ God as they still only yesterday were doing in 
the Balkans, blocked the commerce of Venice with the East and led 
the Portuguese and the Spaniards to seek a way around Africa to 
obtain the spices of India. Thus although the great Portuguese 
explorations were uot wholly due to the blocking of the Oriental 
trade routes by the Turks, still they must have been so to some 
extent. And, in certain respects therefore^ the invasion of America 
by the Europeans must be considered as a result of the invasion of 
Europe by the Turks. 

The lost Atlantis also must have helped to arouse the curiosity 
of medieval seamen. For the account given in Plato that a great 
island or continent had been destroyed in past millenniums was cer¬ 
tainly known in the 3 iliddle Ages. Atlantis was then supposed to 
be in the Atlantic Ocean, whose nanje not impossihly is connected 
with that of the island, and some early navigators may easily have 
had it in mind in searching for new lands or islands. It was indeed 
not until A.D. 1909, that a real foundation for the Atlanlcan tale 
was offered, when sonie thoughtful person suggested in an anony¬ 
mous letter to an English newspaper that the lost Atlantis of Plato 
was Minoan Crete. And certainly Plato's slor>' answers in many 
respects to Minoan Crete and its destruction as revealed by archcol¬ 
og)", and in an article ''Atlantis or Minoan Crete,"'^ I tried to ex¬ 
plain Platons narrative by comparing it with Minoan Cretan and 
Greek history and mythology^ One point, however, namely the 
statement that the sea around Atlantis had heconie unnavigahSe, re¬ 
mained very dim. About this* !Mr, William H. Babcock^ the author 
of numerous scholarly and important papers about the discovery 
of America, in a letter to me, suggested that this might refer to 
the Sargasso Sea, and this certainly seems like a plausible explana- 
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tion. For if it is true that Phcenician coins hav'c been found on 
one of the AzoreSn it is possible lb at some knowledge of the Sargasso 
Sea may have filtered into Eg^pt and become mixed up with the 
desimction of Minoan Crete^ But although the slory of Atlantis is 
so confused and so jiifubled out of discordant elements that we may 
never feel tjutle sure of them alt, yet as far as the discovery of 
America is concerned* we must re member that the belief that there 
had been such an bland in the Atlantic and that it was close to other 
lands, may well have urged on some of the early Atlantic navigators. 

Among the impelling causes o[ Portuguese discovery also, must 
be reckoned one man. This was the Portuguese Princet known as 
Henry the Navigator* He the son of John L, King o-f Por¬ 
tugal, and his wife Philippa, daughter of John of Gaunt, Duke of 
Lancaster^ and ivas thus lialf English. Born in 1394 p he died in 
1460, and devoted most of his life to fathering voyages of discovery. 
Some English writers land him to ihe skies as the finest flower of 
chivaliy% but one Portuguese w riter at least claims that he w^as a 
brutal bigot and slave driver. Leaving his moral character to the 
tender mercies of others, history records .that in June, 1415, Henry 
the Navigator took part in a predalorj' attack on the town of Ceuta* 
Moroccop which was W'rested z'l c/ armis from the Moors. Appar¬ 
ently his sojourn with the Moors inspired him wuth a desire to ex¬ 
plore the African coast of the Atlantic Ocean and after his return 
to Portugal in 1418, he settled on the proraontory of Sagres, Por¬ 
tugal, a name corrupted from its name Sacrum of Roman days, and 
built an obsen^atory* and some houses there Here he spent most 
of his life, studying geography, inEer\dewing seamen and preparing 
expeditions of discovery* In certain respects, the settlement of 
Sagres might he considered the first geographical society of the 
w^ofld. And although Henry the Navigator did not himself make 
any voyages of discover}" and although none of the voyages w-hich 
he fathered made known to the world the existence of the Ameri¬ 
can continent, ^till his work aroused the inrercst and opened the 
way which eventually led to the successful voyage of Columbus. 
Indeed there i$ probably no individual wdio did as much to bring 
about the European invasion of America as Henry the Navigator, 
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Matiy of the early voyages of Portuguese or Spaniards were 
either unrecorded or else the records were destroyed and lost. 
Proof of this is shown by the fact that consianlly the Portuguese 
and Spanish libraries and private archives yield documents revealing 
totally unknown eirciinistances. As an instance of this may be cited 
the case of one whole district of the island of Madeira which is 
called ilachSco, and that this was the name of a Portug^iese sailor 
of 1379 is shown by a unique document found only in 1S94.* Of 
one early voyage, how^ever, the strange invasion or conquest of the 
Canary Islands by the Sieur Jean de Bethencourt, a Norman French 
noblemanp in 1402-1405, we have an elaborate account, one copy of 
which in the Bibliotheque Xationale of Paris is illuininatcd like a 
missal with old drawings. But although the written records are 
scanty; there is no doubt that during the fifteenth century many 
commercial ventures and voyages of exploration into the Atlantic 
were made, not only by Portuguese and Spaniards, but also by 
Englishmen, Cape Bojador was rounded by Gil Eanes in 1435+ 
Cape Verde in 1445 and between then and 144S it is said that more 
than thirty ships sailed round it. Long voyages into the Atbniic 
are recorded in 1452, 1457, 1460. 1462, 1473. 1475, 1476, 1480^1, 
1484* i486. Some of these went at least 150 leagues to the west; 
one of them discovered or rediscovered the Sargasso Sea; all of 
them w^ere in search of lands or islands in which the belief seems 
to have been veiy getteral There are some rough written records 
of some of these voyages and the)' tell very- fairly the evolution of 
discover)' down the w^estem coast of Africa. 

The best records of discoveries in the Aveslern Atlantic in the 
fourteenth and fifteenth centuries, however, are maps. For as I 
have said earlier in this artfcJc, the evidence of maps is exceedingly 
hard to controvert. When land or sea i$ charted with some ac¬ 
curacy, even tf there is no mBs,sage in w'ords about the niatler, the 
chance is that a discover)' had been made. And on these early 
maps of the Atlantic^ the factor of especial importance in regard to 
America are the islands and their names. 

Some names of islands persist with striking tenacity on these 
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early maps. Out of these ns^mcs is Brazil or Brazir, which is 
daiined to be Irish, either n compound of the Irish Gaelic words 
"breas^' and “air' or to be descendecl from the Irish Saint BresaJ* 
It is applied both io a small island not far west of Cape Saint 
Vincent, Portugal, and also to an island and sometimes to two 
islands in the same longitude not far west of Ireland. This 
northern Brazir is found on Dul cert's map oE 1339, on the Catalan 
x\tlas of 1375, etc. On the Pizigani map of 1367, there are three 
islands of Brazir in about the same longitude, and one of them is 
placed in the latitude of Brittany with two ships in distress flying 
the Breton flag near it. Mr. William H. Babcock/ the best living 
authority on the subject^ has sti^ested that this island is Intended 
to represent Kew foundland and possibly was dtscovered by the 
Irish, and before 1367 reached also by some Breton sailors. There 
is one objection to this theory, liovk'ever^ and that is the longitude of 
the islands of Brazir. The northern island or islands arc not far 
from Ireland. If any mariner had genuinely reached New'found- 
land before 1367, it W'ould seem as if he would have reported it as 
an island far away from Ireland. There is of course no island in 
the cliarted position, and if the latitude is correct it could be only 
Newfoundland- And it must be recognized that even though the 
longitude Ls incorrect yet that the latitude and the bigness of the 
inland are decided evidence in favor of Brazir being Newfoimdland. 
While the theory must he considered as non proven, still the evi¬ 
dence is sufficiently strong to prevent it from being lightly throwm 
aside. 

There is one island or group of islands which is especially note- 
Vorthy, Aniillia, from which we have made the Antilles. Some 
writers have sought to derive the name from Atlantis, but Mr. 
\ Villi am H. Babcock has shown that the proper deri^-ation comes 
from Anti'llha or ^\nte-Ilha, meaning the island in front of, that is 
to the w^tst of the others. Originally Antillia seems to have been 
considered as an island to which many Portuguese are reported to 
have fled as a refuge when the Arabs invaded the Iberian peninsula 
in the beginning of the eighth centum At least there is a legend 
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to this effecE on Martin Behaim's globe of 1492, on which it is aUo 
stated that a Spanish ship visiEed Antiilia in 1414. In the four¬ 
teenth centuiy the name Antillia was applied to the inost westerly 
of the Azores. In the fifteenth century^ however^ several cartog- 
rapherSp Andrea Bianeho in 1436 among- others, drew maps which 
jump Antillia far, far to the west of the Azores. It is figured as a 
great big island, in about the latitude of Portugal; with another 
big island, Salvagio or Satanaxio, to the north of it. The main 
extension of Antillia and Satanaxio is about north and south, their 
latitude is somewheres between Florida and Massachusetts, and 
considering their distance beyond the Azores, their longitude would 
coincide roughly with the eastern coast of the United States. 

Although the matter is hazy and there is no verbal evidence 
beyond the few words on Behaini*^ globe^ yet the cartographical 
evidence shows positively that map makers of the fifteenth century 
had a distinct belief in big lands far we^t of the Azores, m about 
the latitude and longitude of the eastern coast of the United States^ 
Several of these maps certainly point to cxlensive coasts way 
beyond the Azores having been reached before 1435+ The name 
Antillia would validate rather than invalidate the reality of such 
a discover)^ And where there is so much smoke it seems as if 
there must be some fire. A visit to the Antilles or to the coast of 
the United States before ^435 much less improbable than that 
map-makers should have correctly guessed the existence of big land 
masses so far to the west, which in their extension north and 
south and in their latitude and longitude^ so closely approximate to 
the eastern coast of the United States. Personally I am strongly 
inclined to believe in the genuineness of this discovery, which may 
perchance have been made by the Spanish ship whereof Behaim 
speaks. 

The most interesting and important pre-Columbian map of the 
Atlantic, however, without question is the Venetian cartographer 
Andrea Biancho’s map of 1448. The problems presented by this 
map were broached by Dr. Yule Oldham* and w ere admirably de- 

* Tkt lovrna!^ March, 

PiOC. AKO. PHIL, sot, VOL. LT» 1 , I, fULV I J, 1919, 
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veloped by Senor Bat^Jha-Reis.® Her« I wish to merely recapitulate 
briefly the chief arguments of th^e scholars. 

Andrea Biancho*s map is on velluin 86 centimeters by 63 cen¬ 
timeters. It b now ifi the Ambrosian Library' at Milan and its 
authenticity is generally accepted. It is one of the pariolam, that 
is one of the maps made by seaman for seamen for practkal pur¬ 
poses and free from the fanciful geographical conceptions and 
fabulous zoological monstrosities of the maps dratvn by convent 
monks. The map takes in France, Spain and the African coast 
down to Cape Verde, and. as far as known, is the first record of the 
coast line of Cape Verde. 

The remarkable feature of the map, however^ is that at the ex¬ 
treme lower left hand comer is represented ati extensive coast line 
southwest of Cape Verde, On this an inscription in the old Vene¬ 
tian dialect seeni^ to read: ^'ixola otinticha xe long^ a ponente 
1500 mta," which may be translated: "'Authentic island distant to 
the south west 1500 miles/" The position of the coast line and the 
legend together seem to show that somebody, before the year 1448, 
had seen a land southwest of Cape Verde and some 1,500 miles 
distant. But there is no island m this position^ while at 1,520 miles 
southw'est of Cape Verde is the northeast promontory' of South 
America. 

There is no known account recording any voyage making such a 
discoveiyp therefore it is well to see whether there is any indirect 
evidence that such a discovery might have been made. In the first 
place there w'ere a great number of voyages in search of lands 
during the fifteenth centuiy* Then we must remember moreover 
that some of these voyages w'ere not recorded and were sometiiiies 
entirely forgotten. It is, there lore, perfectly possible that such a 
discovery may have been made and left unrecorded if, for instance^ 
it was made by some merchant vessel or fishing boat blow'u out to 
sea. Indeed this very thing happened in this very place in the year 
1500. when CabraPs expedition, en route for India round the Cape 
of Good Hope, was blown out to sea and strayed over in a casual 

Suitpos^d Discovery of South Amerka before 144 S and the 
Critical Methods □£ Htslgnans of Geographical Dkeovery/’ Th^ G^i^^raph- 
ffcri February, 1897* 
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sort of way to Brazil. That such a discovery' was not followed up 
before >49^ would be simply because no one at that time could 
have any idea of w-hat such a>, discovery meant. The land would 
have been looked on as another island and one too far away to be 
of much use. 

On Martin Behaini's globe of I41P2, there is a large island in the 
position of part of the coast of South America, in fact in the exact 
position given by the legend on Blancho’s map of 1443. 

The Treaty of Tordesillas of 1494 insured to Portugal all the 
eastern part of South America. Why this treaty should have hccn 
ratified unless the Portuguese already had knowledge of these lands 
it is hard to see. Spain claimed the lands discovered by Columbus 
snd Portugal claimed the lands to the south probably reported by 
Portuguese navigators. 

On the 1st of May, A, D. 1500, blaster Joao, physician to D. 
Manuel of Portugal, wrote to the King about the land (Brazil) 
just found by the fleet of Cabral on board of which he was, "that 
those lands might the King see represented on the mappamundi 
which Pero Vaz Bisagudo had," He adds that the mappamundi 
does not mention if the land were inhabited, while he could certify 
it to be well peopled. He also says that the said mappamundi was 
aticiont. This last statement is strong evidence that somebody must 
liave seen the land before 1492, 

Las Casas, wTiting between 1552 and 1561 about the third 
voyage of Columbus in 149S, says that Columbus wanted to go 
south because he believed he could find lands and islands, and also 
because he wanted to see what King D. Joao of Portugal meant 
when he said that there was "terra firma” to the south. The 
grounds for the belief of Columbus have never been explained. 

The map itself and the side evidence do not make this landfall 
a certainty, But they certainly make it a probability. Personally 
the weight of evidence seems to me to lean very decidedly in favor 
of South America having been reached by some unknown PortU' 
guese navigator half a century before Columbus reached .Ameriran 
shores. 

The first southern European voyage to America, however, of 
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which we have absolute definite historic record, is, of course^ the 
first voyage of Columbus. Thi$ voyage it was which made known 
generally to Medieval Europe the existence of lands oi great extent 
far aw^ay to the west in the Atlantic. And although the Irish 
reached Iceland and the Norsemen Greenland and some points of 
the American coast, and although some Portuguese or Spaniards 
probably also did the latter before Columbus, yet, to the w-orld of 
EuropCp Columbus was the man who kindled the torch which dis¬ 
pelled the darkness emv rapping the West, and in this matter at least, 
the popular verdict of history is correct in calling Columbus the 
discoverer of America. But^ although we have records of his four 
great voyages, although w*e know much about Columbus, yet of 
many things connected w'ith Columbus w e are still ignoranU 

Among the things w'e do not know' with any certainty is why 
Columbus came to start on his journey. There has been much talk 
that he corresponded wdtb an Italian philosopher named Toscanelli^ 
w^ho is said to have proved to him that by sailing westward be would 
find the coast of Asia. Some have claimed that a study of Marco 
Polo w'a$ the influencing motive of Columbus* There is a story 
that he met on some isle near the African coast a pilot who died in 
his arms and w^ho assured him that he had sailed far across the 
Atlantic to distant shores. There is aiiother tale which show's Co¬ 
lumbus arriving, at Iceland and thus hearing of the lands* already 
nearly forgotten in Europe ^ which had been the goal of the North' 
men several centuries before. None of this, howe^^er, is in any 
respect authenticated: none of it indeed rises much beyond the 
status of a legend. WTiat we do know, however, is that Columbus 
bad the spark of exploration fever burning brightly in his heart 
and that it spurred him on for years until he finally w on the greatest 
prize in the history^ o£ discovery. 

Again, who actually si|^Eed first an American land on Columbus* 
first voyage? "Was it Columbus or one of his companions? And 
on what day did this happen? It is usually assumed that Columbus 
himself made the landfall on the 12th of October, 1492. But there 
is no certainty of this. The records of the voyage show that Co¬ 
lumbus himself claimed sighting land before dawm on October 12^ 
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but one of hi^ £allot$, Rodrigticz of Tn-anap put in a claim that he 
had seen the land in the early morning before Columbus; and 
another ^ilor on Pinzon's ship, Juan Rodriguez Bermejo, there¬ 
upon put in a claim that he had seen a sand beach reflecting the 
moonlight in the evening of October tt. It also happens that 
as the old calendar was still in use, the correct dates according to 
our present chronology should be some ten days lateri either October 
20 or October 21, And there the matter stands! We know ueither 
who it was of Columbus’s expedition who first sighted an Ameri¬ 
can shorep nor do wt knoAv exactly on w^hat day this took place. 
And this perforce must alw^ays remain a mystery^ as the data are 
insuJhcient to clear St up. 

Perhaps the queerest adjunct of Coliimbus^s great discovery", 
however, is the fact that Columbus himself never knew that he 
had discovered a continent. Columbus till his dying breath believed 
that he had reached outlying parts of India. And there is one 
proof of this which can not be gainsaid and that is that be called 
the copper-colored natives wdiom he met Indians. To this day^ we 
keq) on repeating this error and call the original inhabitants of our 
continent Indians, with the result that sometimes it is hard to 
distinguish as to w^hethet we are speaking of the natives of America 
or of the swarthy races of Hindustan. But it does seem hard that 
Columbus should have revealed to Europeans the* existence of the 
vast territory extending from Bradley Land to Tierra del Fuego 
and yet have gone to his rest believing be had been on the ^^hore$ 
of Hindustan. 

But the ver>^ ignorance of Columbus in regard to the American 
continent is evidence in favor of earlier discoverers. The early 
maps always show' islands. Ko one dreamed of a new continent, 
A mariner sighted a coast and told of it and the map-makers charted 
it as an island. Maps before Columbus indicated numerous islands 
in the w'estern ocean corresponding roughly w ilh parts of America. 
It certainly seems far more likely that these islands were based on 
some foundation of genuine exploration and of actual perception 
by early mariners than that they should have been invented cor¬ 
rectly in cartographic workshops In Europe. Especially probable 
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does this seem, when one remembers that for some years after 
parts of the continent had been visited and portions of Us coast 
had been charted, the explorers themselves still believed that they 
had merely revealed the existence of some big islands belonging to 
the land mass of Asia. 

Mysteries thicken rather than lessen after Columbus had gone 
around the turning point in American discovery. The explorer who 
first announced that there were lands, continental in size, in the 
west^ apparently was Amerigo Vespucci. He did so in several little 
tracts which are tangled up and hard to unraveL but whose publica¬ 
tion in his lifetime tended to make him better known than other 
more silent explorers. It was in bis letter to Lorenzo di Pier' 
franccsco dt Medici especially that he spoke of the new world he 
had visited on the caravels of the King of PortugaL He also said 
that the land which they—^that is the expedition of which he was a 
member—had discovered, seemed to thcnip not an island, but a 
continent. Furthermore he mentioned that they had sighted land 
90 degrees of latitude distant from Lisbon—referring almost cer¬ 
tainly to South Georgia in 52* south latitude whilst Lisbon is in 
38° north latitude—and thus liad measured the fourth part of the 
globe, 

ilartin Waldseerniillerp an armchair geographer residing at 
Saint Die in the Vosges mountains, Became impressed with these 
statements of xAmerigo, In 1507 he published a booklet in which 
he suggested that since AmcHgo had discovered a Nov us Mundus 
or fourth part of the world, therefore it should be called after 
him. With the bookp he brought out a world map, on which he 
placed the name America on the lands south of the Equator visiced 
by Amerigo/ Undoubtedly he took an exaggerated view of 
Amerigo's reports. He passed over Columbus and Amerigo^s even 
now unknown commander and looked on Amerigo as the discoverer 
of this New. World. But barring this error he located the name 
America correctly on his map on what is now Brazil. 

There is no evidence that Amerigo ever heard of the name 
America. Nevertheless because of it he has been abused like a pick- 

^ Basil H. Saulsiby^ The Firat Map Containing the Name America,” 
TAf Gfographkal Jourmi^ VoL XIX., Feh^p igoj. 
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packet and has been accused oi stealing the gloiy which should 
belong to Columbus. But all the evidence shows Amerigo guiltless 
of aught except of being a member of several important voyages 
of exploration and of writing somewhat hazily about them. And 
equally* barring the error in regard to Amerigo's commander, there 
was evtty reason why Waltiseemiiller should name the new land 
America. For remember he did not impinge on the discoveries of 
Columbus t he applied the name America only to the coast oi Brazil, 
where it should still be. It was only years after all the actors in 
the matter were dead, that the name gradually became attached to 
the entire continent. Having myself named the two halves of the 
Antarctic Continent, West Antarctica and East Antarctica, and also 
dome parts of it such as Charcot Land and Nordenskjold Land, 
personally I have the deepest fellow feeling for Waldseemuller. 

Occasionally some mystery^ is cleared up^ For instance, in 1S94 
entirely private documents were discovered showing that Joao 
Fernandes Lavrador w'as one of the commanders of one or more 
expeditions sent to discover lands to the northwest of Europe be¬ 
tween 1491 and 1496, This w^as probably the origin, formerly 
unknown, of the name of the part of North America which w'e 
call Labrador.® 

More often, mysteries are not cleared up. For instance the 
map of Juan de la Cosa of IJOO shows a coast line extending from 
Newfoundland to Florida which must be the coast of the United 
States. The maps of Cantino and of Cancrio of 15^^ show the 
southern part of ihe coast bctw'een Florida and about Netv York, 
then a blank, then New foundland. .Apparently two navigators had 
explored the coast roughly before 1502 but who were they? John 
Cabot possibly was the first and Amerigo is sometimes guessed to 
be the second culprit. But no One knows! 

There are some curious mysteries connected with Magellan's 
voyage. One is the statement of Antonio Pigafetta that when 
Magellan's expedition arrived at the north of the straits so well 
named after him: “all the men w^ere so assured that these straits 
had no opening to the w'dst, that no one Avould have thought of 

® Batalha-ReUf Thf GfQffraphUal jQurttai^ February^ 189^. 
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seeking it, except for the great knowledge of the Captain-general 
[Magellan], This man, as clever as he was brave, knew that one 
must pass through a strait very hidden, hut which he had seen 
marked on a map made h3’’ Martin Behaim, a most excellent cos- 
mographer, which the King of Portugal kept in his treasury-.” The 
other strange occurrence is that the sanie year that Magellan sailed 
through the straits, Johannes Schoner made his famous globe, now- 
in Nuremberg, showing South America much in its real shape, 
although extending only to 40 degrees south latitude, Pigafetta's 
statement and Schoner’s map are not satisfactorily explained as yet. 
Perhaps they never will be! 

One more unexplained cartographical mysteiy and I have done. 
Straits under the name of Fretum Anian appear as a water separa¬ 
tion between Asia and America on Zaltieri's chart of the year 1566, 
almost exactly in the position of Bering Straits explored by Vitus 
Bering in 1728. And from 1566 on they hold their own on charts 
and atlases, vaiynng their location a little each time until after the 
year 1700 If one looks at one of these old charts it is hard to 
believe that some one had not explored Bering Straits before 1566, 
And yet not only is there no record of any such voyage, but all 
the evidence which there is goes to show that there was no such 
voyage.* The only solution of this mysteiy would seem to be 
narive reports of these straits filtering through to the Chinese and 
being communicated by them to some early European traveler. But 
there is no record of anything of the kind. Nevertheless although 
the known evidence seems to prove that Bering was the first to 
sail through Bering Straits, the fact remains that more than a cen- 
tuiy and a half before Bering, some cartographer appears to have 

found out that wide straits separated the Asiatic and American 
continent^^ 

There are many other unexplained occurrences connected with 
the evolution of American discovery which are not touched on in 
this paper. But this paper is not an attempt to give a complete 
histo^ of the subject. It is rather an attempt to get at the phi- 
losophy of the matter; of the causes which led to the discovery; 

»F. A. Colder, " Russian Expansion on die Pacific," 1914, 
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of its long, slow and gradual development; and of our lack of 
knowledge about any number of its incidents. And I hope I have 
carried out my main purpose, wheih is to show that the discovery 
of Amenca i$ not in the least the single occurrence it is popularly 
supposed to be, bat that it is an evolution, and an evolution tinged 
throughout with mystery. 


TATAR MATERIAL IK OLD RUSSIAN, 


Bv J, DYNELEY PRINCE. 

(Read Aprii 

It seems to have been a tliaracteristic of Russia froin the earliest 
times until the present moment to take a morbid pleasure in her own 
failures. Whate%'cr one may think in general of Stephen Graham's^ 
opinions regarding Riissiap he ^vas certainly correct in cmphasiEing 
the prevalence ol wrhat may be termed the gospel of incompctcncy 
among the Russians of to-day. Public sympathy has been at all 
times in Russian history with the unsuccessfuh rather than with the 
triumphant hero^ and nowhere is this disconcerting trail more co* 
gently evident than in some of the literature of the old Russian 
period, best exemplified by the “ Epic of Igor/^ or^ more ftilly^ the 
“Tale of the Armament of Igor” (11S5 A.D.)r This poem relates 
in grandiloquent slylCi, often verging upon that of a Scandinavian 
Saga, the defeat of the ancient Russian Prinee Igorj^ Svjatoslavic 
by the well-disciplined Tatar hordes of the Polovtsy in southern 
Russia, The epic abounds with words and other traces of the influ¬ 
ence of this and perhaps of other Talar civilizations^ a fact which is 
all the more interesting, because this literature antedates by about 
tivo generations the advent of the Golden ITorde under the succes- 

* Stephen Graham. The Way of Martha and the Way of Mary," Lon¬ 
don, 1915. 

*The name Igor like sa many other princely names of this 

period is pure Nor&e (ii^lnervar) j ef. Riunfc= Hrorckr; Truvor— Tlior- 
vardr; Olefi = HeIgi; Rogvolod = RogTivaldr^ etc. For the poetn, cf. L .A 
Ma^u^, “^^The Tale of the Armamejit of Igor," Oxford, 1915. 

■The phonetic system of tnmscription in the present article essen¬ 
tially the Serbo-Croatian- Note, however^ that the apostrophe is used to 
denote the Russian hard sign = stop or short vowel and iliat the 

/ after a eonsonant = paTatahiatioa (Russian soft sign). The Russian 
vowel yery (=i in English Jid> is represented by y. As regards the abbre¬ 
viations. C ^ Cumjmian ^ CC=^” Codex Cumankus"; QR. = OEd Rus5]an; 
OS- = Old Slavonic and R. ^ Russian; ZDMG, = Zfeiisdtrifi drr J?eufjr/rrit 
MorgeHiandhthfrt Ofs^Ihehgf f. 
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sors of Jenghis Khnn. These rulers held the Russi^»i$ in well or¬ 
ganized tributar>^ ihralldom for nearly two centuries (from 1223 
A,D.), 

As attention to the Oriental material in Russian has been called 
quite recently^ perhaps for the first time in English^ by Mr, Magnus^ 
1 have in the present paper ventured to advance some of my own 
views as to this subject and to emphasize the points regarding which 
I am at variance with the work of that scholar^ as well as to set 
forth some of the facts now established with tolerable certainty eon* 
ceming this early period of Slavo-Turkic intcrcouT&e+ The in for- 
madon herein gathered is not intended to be exhaustive and may 
be supplemented on the lexicographical side from such works a$ 
Benieker^s Slavs sch-Etymologisches Worterbuch^^ and Radloff's 
%\\irterbuch der Turk-Dialekie/' 

The first question confronting the student of this Tatar^ infln- 
fiueiice in Igor is that of the identity of the Polovtsy, who appear 
throughout the Epic as the successful and often not unchi valrous 
foes of the adventurous hero and his company. 

We have direct and convincing evidence in the Oironicle of 
Nestor (1096) as follows: And Ismael begat twelve sons, whence 
come the Turks, Pecencgs^ (WTiite Huns)* Turks (remnants of the 
Pecenegs) and Kumans, that is to say the Polovtsy who ^ came out 
of the desert/'^ In other words, the Turkic tribes known to us as 
Cumanlans were identical with the Polovtsy, It is highly probable 
that the Avord JTtfjwaii is a popular etymology from '^saud,” 

indicating that these tribes originated in the sandy steppe; 1. e., 
'^came out of the desert,” but that the original of the word was 
^"1^0 = Hun, 

Our chief source of information as to the idiom of these Kumans 

* Tatar Is a name generally applied to all Ttirkic, Mongolian and HunnEc 
tribes ■ In short, to every Oriental non^Russian people in the farmer Russian 
Empire. See below, note 9, Turkish of practically cver>^ variety is more or 
less intelligible in essentials to alt the Turkii: tribes^ Hunnlc (Finjio-Ugric), 
however, differs very innch in its various dialects. 

5 The Pettnegi, or White Htina, were also called 
nalfiMulTiu in Arabic Badiak^ etc. CL Anna Comnena, Bonn Ed, p- 4*^): 
TpinNso-i fact jH^ulivcr ilif ** they are very c1o$c linguistically to the 

Cnmaniaits.'* 
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dr Cunianians is tHe “ Codex Cwnianicus/'* edited by the Hiui^rian 
Count Geza Kuun, and, in spite of many errors^ a mo$t \*^luable 
record of the speech of the CumanianSp giving a sketch of the gram¬ 
mar, vvord-lislSp and texts with late Latin-Persian-Cninanian in the 
first part, and Cdmanian-Old-German in the second part’ Besides 
this, mention shonld be made of the brief ** Inteq^reter of the Lan- 
guage of the Pdlovtsy/^ found in a Russian manuscript of the six¬ 
teenth century,® which gives a small number of so-called Polovtsian 
words with Russian translation. As to the term ^^Polovtsyitself, 
it would seem to be a cognate with the race-term "Palocz/’ found 
in the Hungarian Chronicle, used interchangeably with Kun^Hun 
= KumanA In the Chronicle of Nestor, the word P6lo\tsy w-as 

* Comes Kuun^ “Codeia Cumanicti:s Biblinthecac ad Ttntpluni Dtri 
Venctfaruiii/* Budapest, ifiSot " Additamenta ad Codieem Cymanieum, Neva 
Series/' Budapest, W. Radksff, ‘"Das lurkisehc Sprachmaterjal des 

Codex Ciimanacas,” St Petersburg. 1SB7 {AcadimU Impinah des 
criticiied by W. Eau^ in the following works: ** Beitrage zur Erkliitung des 
Komanl^lien Hymnus" in NGchrichfcn dfr kon. Cer. der iVissi^nsth. su 
Gdltin^en^ phihhffisch-hhtorUche Klasst, l^io, pp. 61-7S; Ober dnen 
komarLtschen Kommunlonshymiius” in Acadfmti‘ rtfyalt df 
Bruxelles, pp. t~i2\ ^'Zur Kritik des Codex Cutnankus^ LIbrairie unl- 
versitaSre des trots rols.^' LDyvaifin pp. 1-17; Beitrage zur Krittk des 
Codex Cumanicus,” m Acaditnit rayaU de Belgiqutf. Bruxelles^ pp, 

i 3 - 4 a 

7 As Ban^ pointed out (" Bdtrlge," pp. ,|2 ff.), the first part of the 
Codexwas probably written by Italians and the second half by Germans, 
both parts having been composed under Franciscan inEueiicc, as \b evident 
from the prominence accorded to St. Francis. The scope of the work was 
undoubtedly missionai^'^ and not commercial, as the chief stress in the 
vocabulary' and texts is laid qti religious materEal The " Codex in both pans 
belongfed 10 the library of the poet Petrarch^ 1350-1Before that date, 
the doenmenis were in the possession of one Antonru^ dc Finale (** Codex/' 
p. s^lS). Both parts were probably brought from the Black Sea missions to 
Italy, where the manuscript was compiled and edited by Genoese and Vene¬ 
tians- It seems clear that thia "Codex" bad nothin^ to do with the Cu- 
maiiians settled in Hungary, who kepi their idiom as late as i j-jj 

*P. K Simon] in Prscf^dis^s 0/ tfif of the Russian Loh- 

j^Kd^e and Liiiraiure of the Imperial Academy of Sciences, S, 17^1^1; 

I 07 fc St Petersburg, 19091 

® See Friedrich HlnJi, "Die histBriach-g^graphtscbeji Bewdse der 
Hiuns-nu = Hun Identitil,'' Budapest, 1910. and cL also feis "Ancicut His¬ 
tory of China,'' pp, New York^ r 90 & 
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plainly associated with Slavonic polje, *' field”; hence '*desert/' but 
poijt is a soft noun and would have produced the derivative pdljevec 
and never p 6 tozvc* 

A brief examination of the material found in the “Interpreter” 
mentioned above and a comparison tvitb the Cumanian of the Codex 
and with modem Osmanli will satisfy the most cursory reader as 
to the true Turkic character of the CumaniaH’P 61 ovtsy language. 


POLO^TSIAN 


iNTEttPAETXL 

CUUANtAX. 

OSMANU. 




ieijT^rx 

"Cod" 


kok 

kjak (ffidky 

” heaven “ 

kujai 

kujos 

giirtfj 


(probably error 
for 

liuiJifjsti 

jttilfuS 

jildh 

"star'* , 

OJif 

ay 

dy 

"moon^ month 

kar 

tar 

k(f)ar 

" snow 

ampttr 

ymmffur 

jogkmur 

"rain" 

Sttuit 

suk, saokf saogh 

;iOKk (soghuk} 

" cold " 


hi hoi 

yh'^ 

"light*' (4yd£ak 



ekm^k (original 
^imek} 

hot) 

" bread ” 


The grammatical structure of the Cumanian wa$ ilso strikingly 
similar to that of Sart and Osmanli^ as may be noted from the fol¬ 
lowing few examples of the (Pronounnouns and tenses of the verb: 

Tn ihe * Interpreter,’^ the first vowel is the 39th letter o f the OS. 
alphabet, often wrongly tninsenbed /o in Riissiae. Its real taIuc was a 
nasal e, as in tng {=Poliah nasal e}, hat the vowel frequently corresponds 
to RtiMian /fl. 

For a similar eomparison between Camanian and Tatar* see the work 
cJted above note 8; and note the incortecl vocallEatioa in ijagri, 
ipt. This uaiversal Turkish word is very probably connected with the 
ancient Sumerian diji^nV "God” Cwft form dtwiFfirr); cf. Prince, Materials 
for a Sumeriaii Lexicon, pr viii, Lcipcdg^ ^9^ 

Scribal error for |Vdiie^;irMitF, 

Written ^n; evidently scribal error for tutl 
ts/ji = ys^^ intli obsoire vowd y; not £J (RadlofF, op. p. tao), 
Radlolf^s readings of the Cod^jr are not always inistworthy. 
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PRONOUNS. 


Ci;m,anuk. 

Sakt, 

O^MAKLL 



mda 

bfti 

a 1 ki 


fttcning 

brnim 

'^of hm'' 


m d ttga 

bam (£d^d} 

*"lo Hit" 

iKfii/ 

AMfPlJ 

Afni 

mt(ate.) 




“ from mt 

bi£ 


bts 

"wc" 

bujitfff 

bi^H^ 

bizini 

"*of us"* 

btsga 

bizffii 

bhe 

•'lO us” 

bi^Ki 

bism 

bisi 

US ^ (act.) 

bisdan 

bi^in 

bs^dca 

'' from uj ^ 

CUMA.VIAN. 

Sait, 



jfn; Jffrt 


jfit 

‘'thou" 


sefting 

sfm» 

""of thet" 


^anga 

sam 


{soba; Jda) 


(sa^a} 

"to tll«“ 

JfBI 

S^Ht 

J!fni 

"thee'' (act.) 

jciidaH 

itadin 

scndfn 

** from thee** 

ji'r 

SiS 

sir 

•'you" 


sisififf 

sisin 

"of you*' 

jizga 

stsffa 

si^t 

^ to you " 

jismi jirMj 

li£ni 

shi 

“joti "' (aoc-) 

jindon 

jhditi 

sirden 

from you ^ 


NOUN. 


Cum AS 1 AM. 

Sabt. 

OSiSASXI, 



jit 

su 

water " 

juniV^ 

stittinff 

sunyn 

“of water” 


suga 

s^Ja 

** lo water 

SKni 

fifjll 

jm/m 

(acc.) 

stidan 

JWrfifl 

sndaH 

" from water ” 

CtlMAMlAN\ 

Sait, 

OSMAXLI, 



sufar 

sahr 

"" waters ” 

sulartimg 

sutarnwg 

sularnyn 

" of waters 

juhrga 

jtihrga 

suhra 

" to waters " 

juhrtif 

jitfarnt 

talgry 

(acc:) 

julardan 

sulardin 

jidardan 

" from waters ” 
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VERB. 


CUMANLAN. 

Sa*t. 

OSMAXLJ. 


crng/armeii 


anglarym 

** I VTidc 


anglOJin 

anglars^tt 

"thou — 

attg/ar 

angiadMr 

angiar 


ungfarbir 

aNglamis 

anglarys 

"we —^ 

ong/errski; -sis 

iingJafis 

anglarsynys 

*- you — ” 

angfartar 

angladurhr 

a ngiarlar 

"they — 


PfLESENT Tense Negative 


attghntiQH 

anglamaiuMtt 

a Kghntgm 

" 1 do aot under- 


{-men} 


su&nd ” 

a^ghrmastn 

anglarn<iis^n 

aitglamasj^n 

" thou — ■ 

angiomas 

anglamaidttr 

anghmas 

"he — 

anglamasbk 

angfarngimk 

arrglamajy^ 

" we — ” 

angiamassk 

anglamatbk 

angtamsssyitys 

“ you — 

angla maslar 

angfamaiditriar 

anglamaslar 

"they — 



FirruR^ 


anglagaymeK 

aitgiarmcti 

attglajad^ghym 

"I shall under- 
JS-tand " 

onglaggySCn 

aiigiorstn 

ariglajadzagsyti 

"thou — 

anglagay 

angtar 

artglajadiag 

he — 

anglagaybk 

anghrmis 

a rtgla iadiaghys 

"we — 

anglagaysis 

anglarik 

0 tfglajad^Qsynys 

"you — 

a/tglagnylar 

angtarlar 

anglajadiagisr 

"they — ^ 


As will be observed, the Sart Tatar of Eastern Russia b even 
m'orc simitar to Cunianian than is Osmanli, as the tn-fomi of the 
pronoun of the first person constantly' appears instead of 

the Osmanli bc». The inserted ji before the nominabprortotninal 
genitive*ending -in^ which remains in Osmanli only in words 

ending in a vowel, is still common in Sart, as it was in Cunianian. 

In 1338 A.D., the Franciscan Friar Pascal of Vittoria wrote that 
he learned the lingua Ctiamanica and the Uigur letters, “which are 
used commonly throughout these kingdoms;" that is, throughout 
the empires of the Tatars, Persians, Chaldxans, Medes and Cathay.’* 
In other words, Pascal states that Cumanian w'as the idiom in com¬ 
mon use as a vernacular throughout Central Asia as far as China 

’♦Cited Bajig, Biitrage, p. 33. 


so 
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and that it ivas written with Uigur characters. Ciimanian wa$ evi¬ 
dently a term applicable to Tatar in general, including Ufgur.'^ 
There can be no doubt that the materia] of the “ Codex Cmnanicus " 
is of great value, therefore, in fixing the philological status of all 
ptat-niedixval and mediaeval Tatar and especially of the Polovtsian 
idiom, with which it was practically identical. 

I am particularly indebted to Mr. Feliciu Vexler, Assistant in 
Slavonic in my Department in Columbia University, for his able 
assistance in collecting most of the following Tatar material, bear¬ 
ing directly on the language of the Epic of Igor. 

Tat.\h Material in Igor.” 

Bfvan (Igor 112)=^modern R. botvan, "block, blockhead, 
statue, idol" (Bemeker, p. 41), C. baiabsti, " falcon." possibly owing 
to the statue -1 ike attitude of the bird when perched. In Magyar, 
M/vany=“idol of any sort”; Rumanian bahvan, “cobble- stone,” 
formerly ''idol" (Slavonic loanword). There may be tsvo words 
here, the first referring to a bird of some sort; cf. Turkish biilbiil, 
nightingale (in CC. Tosifjnotus '^; and the second actually mean¬ 
ing " block " or “ idol." The word is clearly of Tatar origin. 

Bojatt (Igor, For full discussion, cf. " Prince, Troyan 

and Boyan," in Proc. of the Amer. Philos. Soc., 56, 132^160 and 
see below, <r. kttr. Vyazemski (Magnus, p. xlvU-xlviii) has already 
connected this word with Salvonic bajati, bojati “speak, relate," 
The meaning of bojan may therefore, be "singer”; cf. R. Gypiy 
bagan^^f *' to sing." and note Slav. ha;aji. " enchanter,” in Dan. 5. 11 
(OR. version). It is possible, however, that the w'ord may be of 
Tatar origin (cf. Magnus, p. xlvii). Note that Turkish boJ=*' per¬ 
son"; Mongol fro; =“dever archer" or “person”; Altai pajana= 
"God"; Cuvas ^o/aB = “rich" and bajan is a tribal name of the 
Altai. See bclotv, s. u. bojarin. The word bajan appears also as a 
proper name, Vajanos (but note the Greek r ), son of Kuhra. 
Dubious words of this type are often the result of a compound 

p, 33. 

** Arranged in the order of the Rii.$sian alphabet 

Cf. P. Utomin {Patkanoff), The Gypsj^ Language {in Russian] " 
MosooiVp 190a 
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derivation, possibly originally Tatar with a superimposition of a 
later Slavonic folks-etymologj'^ ba^ed On resemblance of sound (sw 
j. V. buJ-turj jar-tarj below). 

Bojann (Igor, passim}; the common OS. word for magnate'" 
(Bemeker, p. 72), nsuaJly employed for Slavonic baj^ “fight/’ fol¬ 
lowing the idea that the boyars xvere essentially warriors. It may 
however be connected as a loan-word with the above mentioned 
Turkish baj-j baj- '^richp'^ since the probably cognate R. 
“gentleman” does not seem to be from a Slavonic stem baj~, 
** fight.” The words hajanii^ there fore, are possibly Tatar. 

In OS. and Bulgarian, botjarh^ the f is probably due to the influ¬ 
ence of the Slavonic bolj-, great,See the Tatar material cited 
cibove^ j, V, Bojan. 

Buj-tnr (Igor, So) varies with buj (Bemeker, p. 9S) and is an 
epithet of Prince A^sevolod. Here again is a word of possible double 
etymolog3% The Slavonic elements appear to be buj^ “bulb"" and 
tur^ also "bull/* meaning “aurochs"' tn modem R. A similar 
popular combination is buj-valt “buffalo/* from baj, -^bull*" and 
vol, '*ox/" 

The b«/-foriu is apparently cerate with Greek, ** to sprout, 
be bom”; cf+ Rumanian buiac^ “lustful.” The word bnj alone 
appears in Igor^ 465; Buj RJurtce “O hero (bull) Rurik”; the 
genitive is bu-j-eg^. This iif/-element can have no connection with 
C, bogu, buga^ Turkish bughaj Cagatai buka, etc. 

.All through the Tatar idioms we find variants of the word 
bahadur^ “ noble, mightyi*^ now a common word in Hindustani dia¬ 
lects borrowed through the ^logul (Mongol); cf. C. 

Mongol bffhrrj Manchu Nogait mature beautiful, Kastanj 

etc. 

Note CC 145: bahudiir sen degetim, *^te p&tcntem ess^ dfm- 
mus"* CC. 116: bagat = *^ prabus/^ In spite of Magnus, Igor, p- 
51* I believe that bnj-tur is a Slavonic popular etymology from Talar 
bahadur^ or its cognate; ef. s. jar-tur, below. 

Bus: biisovi vram “the crows of Bus” (Igor, 375), altered by 
Magnus from bosuptf, but better = ■** steel gray crows/* a variety 
common in Russia to-day. Magnus, Igor, p. 50, associates it with 

PKOC. AMHR. PBIL. 50C., VOL. LVltt. F, JULY I 
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Booz=B1u 2 (Balu5)j a leader oi Polovsty in T054, during the 
first invasion; cf. pojitt vrifnja busovOj "they sing the times of Bns^' 
(in this passage;, plainly a proper name)« The word husovi (IgOrp 
375) is more likely connected with bosy (Igor, 6S5) : bosym 
'Mike a gray wolf/* not “hare-looted*" and hence **swift-footed 
(Alagniis). For the idea of color^ see C. bus^=^^ taemhus'^ (CC^ 
145); note also boxag {=hosag) and cf. Turkish bos, 

“ steel-grayp” and Osmanli ^Mce.** These Slavonic expressions 
are all certainly loan-words from Tatar ** blue ■ gray*” 

Bjes: djeii fr/Vjw (Igor^ 186); translated by Magnus “children 
of Baalp'* I. e.p "*devilish children” (cf. Bemekerp p. 56). Magnus 
thinks bjes is a variant of but this is probably mcorrect, 

although it suggests the Cummanian bits^ seen In busov^ 
ritina" {CC, 195 )* The phrase bjesovi djSH must mean ^'chd- 
dren of the devil/^ from the Slavonic stem bjas (bes) “rage.” 

Zenijugj "a collection of pearls” (Tgor^ 371) ; an older form 
than the present Prof* Friedrich Hirth states that this ss 

an international wordp knovvn also in China; cf* Lithuanian loan- 
word This same stem is seen in Mag)"ar gybngy and in 

Osmanli incUj pronounced tndsL Note that the change of j or i to 
the palatalized di is not unusnal in Turkish; cf. C. ingBu (CC. 109),^ 
Orkhonski Tatar etc* This word does not appear in the non- 

Russian Slavonic languages.. 

Katimii (Igor* 2^5): Jia Kanimt fafroloinii fiolsfla "and 

bedded in him in the Kanina w'ith a garment thus Magnus. Note 
that papoloma ^ Gtc^k R-^Xfu/iii. ^Tagtius, p. 74p rejects a Tatar 
derivation* but C. koM and Turkish itan =blood/' This word 
^oniiia is probably a hybrid adjective meaning ** bloody *' and the 
phrase should be translated: “and bedded him on a blocd-stamed 
green garment”; viz., in the earth. I question as to whether 
Kanina in Igor is a place-name =Ka|ala; cf* 229: ^ kajaly 

ought probably to be read: ^ ioj-Be kanhiy “from that place of 
blood." The hero's father-in-law' ordered his body to be carried 
to Kiev. 

Kogan (Igor. 746): na kogana against the Khan"=Tatar 
kaghan (Orkhonski inscriptions; cf. Eerneker, 468}. This title 


PRINCE-^TATAR MATERIAL IN OLD RUSSIAN. 


m 


was given to VLadimir in Qiron. 1171; and kan in I191. 

The gutturalized khan is a later form; Greek otd 

Mongol and Avar khagatius (-wj=Lalin ending), Osmanli khan 
and C. /jflW = ^'God/^ In Cumantaa the h represented a guttural* 
The Tunguz of Nercinsk say with hard k. 

Koscej (Igor, 360): v, sj€dh kds^i^^vo "in a captive's saddle'* 
(not “slaveys/" vrith Magnus). Cf. Bemeker 5S5. The word is 
clearly a Tatar element from kos^ mditaTy^ camp/^ from which 
comes R. kos^ ^'camp of the Zaporozhian^* Cossacks”; hence, the 
word used so often in GogoPs Taras Bulba*'* kosh(n^Gj = "* chief of 
the Cossack camp.” The word kosci must originally have meant 
** prisoner^ sen'ant, groom.” There can he no connection here with 
C. fiif and cii^ermm^ coerce,” as some ha%'e suggested. In the 
R. ballads kascej meant “magician, giant,'* It is possible that the 
modern R, kaiicj^ skin flinty miser ” may be the same ivord nns' 
applied under the popular etymological influence of “bone/^ 

The stem kas may be the same as that seen in Osmanli gait^as (?) 

Kotnonjj “horse" (Igor^ passhn) is probably not a Talar vrord. 
It has been connected w^itli a supposed the same stem as 

that seen in R, and English-Cellic “ cob ” = thick-set horse 

(rofr in Cellic=*''tuft, abundance**), but Berneker, 555, rightly 
rejects this as a doubtful derivation. The usual R, word for 
“ horse*' is ISsadj^ q, v.j below. 

(Igor^ 595 ) ^ dorhkasc do kur Tjfnutarakanja, There is 
no reason to alter to ciir with Magnus = ‘'" he raced to the precincts 
of Tjmutarakanjp” Magnus's emendation would refer to Cur, a 
deity (?) of boundaries. The Avord kur is Tatar ^[ir^ *^enclosurep*' 
with wliich kurgan (see the following word) is probably connected- 
Ar«r^flji ^'tumulus* grave-mound/^ a common modern R. word 
(Bemeker, 648) appears also in Rumanian and b clearly 

Tatar. Note C, gargan^ "burgh" and gurgatm^n, **strengthen/^ 
and cf, Osmanli hirkhan^^. See the preceding word in this list, 
L 63 adjj *' horse (not in Igor^ which always uses kofnSnj, q.v,}* 
The word I 6 sadj (Berneker 734) appears in Nestor's Chronicle, 1103 

The Zaporoafiian Cossacks were the “ Backfallsmefi" of the Dnief^r 
who played 50 impcnianl a part in Polish medixvat history (cf, Gofors Taras 
Balha, etc,)^ 
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anti It lip used by VladiTnir ironomiikh in the couiicil regarding the 
Polovtsian expedition. The tenn was iinknowit to the Polovtsy 
and was of southern Russian origin, passing into Russian, perhaps, 
by way of the Viatici tribe (cf, SakhmatoVp Intfod. to the History oE 
the Russian Language, I. 8i). The w'Ord appears in OR, as hia; 
gen. lo^te (l-stem) and has had the fonn t 6 mdj since the thirteenth 
century ; cf. loldk^ Pol. ^'liorse,'^ etc. It is unques¬ 

tionably a Tatar loan-word; cf. Turkish crlJia^ gelding," and 
Magyar horse." 

There were wdld horses on the Asiatic steppes* as Vladimir 
Monomakh speaks of catching and taming ten or twenty of them 
at Cemigovp 

Nogata (Igor, 460): to byta by caga p& nogatjt a koiiej po 
rv^anje: "then a female slave would be tvorth twelve pence and a 
groom for five pence." 

This is a loan-word through the Talar from the Arabic 
"small coin." TTie intermediate form seems to have been nagd. 
For the values tn furs, one twenty' no goty, or fifty 

rc^any* see Magnus, p. 113. See below j, v. cogo. 

Ot'/nr (IgOT^ 675) is a proper name; probably the same as Lavor 
in Nestor's Chron, 1185. Tlus appears to contain the same elements 
as are seen in the Turkish oghhn, “servant lad”; ive fiave the 
record in Nestor of the Tatar servants of David Igorevic, named 
Oulan, Kolca, etc; The form Lavor is certainly not as correct as 
Ozdttr, The final r in both forms is difficult to explain, unless it is 
a variant of the -ji in aghlou^ oulan. 

Oljhcr (Igor, lOJ) is clearly not Tatar oiybyr* ‘Nveak, ill" (re¬ 
jected also by Magnus, p. 102). Magnus is probably right in 
attributing this name to the series of geographical terms referring to 
the Talar territory'^ now" in Czecho-Slovakia, Note that there is a 
Polish village Olbierzowice, not far from Warsaw (Magnus, he. 
ciL), Vexler derives this from Pol. ohrsynn, “giant," applied to 
the Avars. Cf. v. scljbir^ 

O/tamo (Igor, 142; only once): or'^ijidwii j japonckami ko^ukJu, 
“with the mantles, cloaks and coats” (they bridged the mire, etc.). 
This is plainly the same as C- orYiJia=" maii/ifo"; “back* 
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top'" (CC T46 )p "I exccl'^ (CC 54). In Osmanli* 

ortm€k = *'ia cover/* and we find in Persian the noun 
covering'^ from a plainly Turkish fomiation which, however, does 
not occur in modem Osman! i. This is undoubLcdly our or'tma = 
Osmanli urtu^ ** covering/' 

5 'o^^fi^ly (Igor, 489) : *^thoti shootest from the golden throne of 
thy father the Saltany who are beyond Russia'"* (=sa rcMii/OMtf). 
Every authority but Magnus regards this as the Arabo-Tatar 
iuffan^ a reference to the chiefs of the Tatars. Magnus, however, 
considers, that it alludes to the men of Salatyn on the lower Tatra 
mountains m Hiingar>\ whence came the barbarian auxiliaries of 
Igor, such as the Topchaks. It must refer to an attack on the 
Talar foe+ but the term saltan {sultitn) is not commonly used to 
denote the Tatar khans. 

rrkovhi (Igor, 369): p&^anykh tlkoznn, *"of the heathen 
perhaps the To^^Vloiof Ptolemy. The temi is very diffi¬ 
cult. It is usually rendered *' nomads/' f rom R. tofidk, from fdkdtj, 
*' roam/^ as the form occurs in Nestor^ 907, alluding to the Varjap> 
Slovenes and Tivcrcy. A, Weseloffsky (ZDMG. 1877, p. 301) 
refers the lemi to the Torki, the remnants of the Pecenegs. This 
is not possible* since the Varjags (Norsemen) and Slovenes 
(southern Slavs) were certainly not Torki. The derivation of the 
word trkminy is uncertain. The proper pronunciation is Ukoviny 
or totko 7 'myj ^5 the hard sign in Igor irkovtny is a mere stop+ Sakh- 
matov thinks it means ** bi-lingiial,” comparing it with iohnee ** in¬ 
terpreter,” from iolkovdii (op. at., p. 98), 

Tjmutarakgn (Igor, 384) ivas the last outjjost of the Russo- 
Hellenic influence and had heathen temples even in Strabo's day^. 
It was on the Taman peninsula, bordering on the Sea of Azov and 
the Black Sea. Constantine Prophyrogenitus calls it 

T&pcak (Igor, 432) aUudes to the barbarian allies. Magnus 
states “this word has an umiristakable Turanian form** and refers 
to C. toprak, “corn** (CC. 30 S)+ In Osmanli tapraq=**soil, terri¬ 
tory,^" and also “clay/* It may refer to the nature of the soil of a 
certain territory'. Magnus identifies it geographically with Top- 
czewo, a village in the province of Grodno, twenty versts from 
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Bielsky or with Topczykal>\ sevtn miles from Grodtio. There can 
be hr tie doubt that these people were Tatars. 

Seljbiry (Ii^or^ 432) may be cognate with Kalmuck J?753frj long 
whip," but the term seems to accord with the rest of the geograph¬ 
ical series; cf. s. v. and Magnus, p. iot. It is probably 

another reference to the barbarian allies of the Russians frorn the 
Tatra. Note that Poh s^albhts means “ rogue.” 

S^r^siry (Igor, 462; only once) : 

^3* mQS^si po sukhn Thou cansE on 6 ty land 

(i^ytiif) s sercHry streljati shoot with bold seresiry 

udatyfni^* syny Gljffbovi the Sons of Gljeb. 

The sons of Gljeb i-vere princes of Rjazanj, The passage is very 
obscure and it is apparent that the copyist himself did not understand 
It. Cf r Magnus, pp. 106 for seven views. I believe that jerelrry 
must have been an implement. The Persian fire-hurling machines 
were knowm as rir-cur, an iron pipe filled with explosive powder 
and employed very^ early in the East. Magnus, p. 107, suggests that 
ierciiV may be cognate with Magyar 'Svorry, trouble,” but 

this seems improbable* Vexler suggests that the initial s may be a 
scribal error for f, as the letters are not dissimilar in Cyrillic, but 
this is not necessary^ a 5 a / palatalized before the i-vowel might be¬ 
come The word Scresiry suggests a Polovtsian ivord ciri^ar and 
seems in this passage of Igor to be a synonym of the phinenny rog 
“ flaming horn,” of Tgor^ 31^; note also fierce heat" (Igor, 

311), a Little-Russian w'ord. '“Live must mean ^'loaded 

implements.” 

Kfmraiu£ny (Igor, ^ 94 )- kharalusftymi^ *‘with steel 

swords(Benieker, 385; loo) is undoubtedly connected with C. 
karaiic^ blackness/' used for atram^niim, “‘ink,” m CC. 94, but 
referring in Igor to the dark color of tempered steel. It b interest¬ 
ing to note that in modem Osmanii, qarsiiyq h used for the steel of 
a flint-lock gun, but this really means "the opposite thing,” L f., the 
thing opposite (qsrH) the flint/' On the other hand, qarsiiyq may 

«It is not necessary with to separate -mi from wifEi/y and to 

regard m i ss thc I St personal possessive " my brave soas of GSjeb”; udaiymi 
h instiu mental plural agreeiag^ with ifre^iwy. 
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be a popular etymology containing an ariginal black 

steel (Perhaps qarsityq stands for qar-cdik^ *^bbck sted/* as 
^ steel ** in OsmanlL In the Russian ballads, means 

the same as kharaluiny^Turkish tirbf, which is from Persian 
pulad; thus, in Zadon^ina; kopija kkarahiinyrnL, wtrri hulaUiyjaj 
topQry tegkWf "steel spears, steel swords (and) light battle-axes/' 
Note that k and q often become kh^ especially in Azerbaijan and 
Mariopol Tatar (cl. Elan, “Ueber Volksthum u, Sprachc d. Ku- 
mauen," ZDMC. 29 , iB/6 [55^56^71^ PP^ 5^ 

Khinory (Tgor, 403). This original form Magnus has need¬ 
lessly altered to khinju; khinouy is probably an adjective atid means 
simply *' Hnnnish ” ( thus Sobolevsky^ A. S- P^p xxx^ p. 474)- It is 
derived by Magnus from Talar Jt/ww and taken to mean belonging 
to the Tatars'^ (ktmns)^ a theory based on the change of 0 to f in 
Little Russian, seen, for example, in Little Russian pid for R, 

“ under for okftS^ window/^ etc. But this change of 0 

to / is a very late phenomenon in the Ukraine. It is not likely that 
this word has any connection with C kinov^ “crooked" (CC. i3S)^ 
kingir, “curved” (CC. 140), 

Khorjugifv (Igorj 146) ; cf* Berneker; 39S, This word has been 
derived from Mongol orohgo "standard^" and also from Gothic 
hruggn “shaft*" pronounced hrunga^ ivhich is not even identical in 
meaning. The word occurs in Old Bulgarian hhor(ingz\ " pennant “ 
and in modem kkarugTJj “church banner,” Pol. thoragieWj etc. It 
is more probable that this is a Tartar loan-word and not Gothic 
which is the same word as English “ rung of a ladder. 
The Mongol orongo may be a modificatiori of an original khorongo, 
Jap&niica (Igor, 142) ''Capuchin cloak(Bemeker, p. 445). 
Magnus has wrongly japoncica (p. 115)* This is identical with 
OR. epajiia and Turkish tapancd, or tapOHca; m Polish ^pojitsa 
means “rain-coal.^' Note Cagatai japona cloak.'^ See J. v. 
below. 

Jaruga (Igor* 92) “rill" (Eemcker, 445) is clearly the same as 
in Cagatai jarngh, “left, spliL*^ The jar^Mem appears in OR^ jar, 
"cliff* ravine*'; Old Bulgarian jar “steep shore/' Rumanian cnigat. 
In modem R.* we have jantg (Tula dialect), and erukj jarti^ka 
Little-Russian. 
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lar^Sur {Igor, 390; MagnaSj p. 117; Bemekcr, 447), This is an 
epithet applied to heroes; conventionally = "Vfierce buJL’^ See buj~ 
tur^ above. There is a modem word Jary ** fierce, which 

probably does not belong: in this connection. As buj-tnr seems to be 
a popular etymology of Slavonic elements sitggesled by a primitive 
Tatar lomi, it Is highly likely that the same is true of with 

which the Indo-Gernianie elements jar, fierce'* and ttir, '“bull” 
have been associated. Note that R. jary appears in a number of 
Slavonic proper names, as Jarasiavj Jarorntr^ etc. 

This Indo-Germanic Jar is usually connected with Greek 
*' fieo' possibly it has the same stem as the Latin ira " wrath ” {?). 
According to Bemeker, p. 448, this jar has no connection with the 
Tatar wr, “ light, bright," which occurs CC 354, The question is 
confusing, as jary, *' bright" h also a Slavonic stem, R., etc. It is 
conceivable that Jar-tur miffkt readily he a variant of Tatar lardHi-, 
“he is (dif#*) splendid," a form rrhich subsequently might have 
been confounded with Stavonic jary ( ?). 

As to the possible connection between Slavonic ;ary and Tatar 
iar Osrikfich=*‘ lumrn/' CC 154; jarkie, " itiuminavH,’' CC. 159; 
iarkin, "jf/fudor/' CC, 193), this opens up the whole question as 
to the primitive common origin of the Indo-Germanic and Ugro- ‘ 
Turkic idioms which cannot be discussed here. 

^aga (Igor. 46)) "female slave" (Nestor, Chron. 1018) is 
undoubtedly Tatar and should not be rendered "potentate" 
(Magnus, p. 113), See above s, v. nogate. 


THE ENERGY LOSS OF YOUNG WOMEN DURING THE 
T^IUSCUU^R ACTIVITY OF LIGHT HOUSEHOLD 

WORK, 


Bv FKANCIS a BENEDICT akd ALICE JOHNSON. 

{Rmd April ^9^90 

In the compqtation of the food requirements of women and chiL 
dreti;, certain factors have been applied to the standards for men— 
factors which have long been established and which are based solely 
upon differences in body-weight. Since the body-w^eigbt of the 
average woman is but So per cent, of the body-weight of the average 
man* it has been assumed that the food requirements of women are 
in like proportion. The average energy requirement of the resting 
woman has been found to be actually 17 per cent, less than that 
of the average man under the same conditions of muscular repose. 
Furthermore* studies in the Nutrition Laboratory upon the differ¬ 
ences in the need for energ>' of quiet men and women have shovra 
that wdth complete muscular repose and absence of food in the 
stomach* men on an average produce 6.2 per cent, more heat than 
women of the same age^ height* and weight. 

But food requirements are made up of two factors: {cr) the food 
required for the maintenance of the quiet bedy doing no external 
work] (b) the excess food needed for the accomplishment of the 
various daily tasks. Dietary allotmentSp thereforCp deal not only 
with the basal requirements but also wdth the veiy considerable ex¬ 
cess food required for the multitudinous daily tasks. The variety of 
mechanical operations and muscular movements incidental thereto 
which are engaged in by men is very great; ultimately the energy' 
requirements for these different operations should be estabiished. 
It is popularly considered that the muscular activity of the average 
woman ts much less than that of the average man. This is probably 
true, but as household work in some form or other still remains a 
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not inconsiderable factor in the muscular activity of most v^omen, 
exact mfontiation as to the ener^^ needs for the performance oE the 
domestic duties of the household is essential for an intelligent coni' 
putation of the daily requirements of the average woman. These 
domestic activities consist for the most part of sittingp standingp 
walking, sewLogp sweeping, dusting, washing clothes and disheSp iron¬ 
ing, cooking, bed making, etc. What, then^ are the requirements for 
energy' above the basal for these and other activities? 

The Nutrition Laboratoiy', in establishing its long series of basat 
values for new-born infants, children^ and adults, has adhered to the 
time-consuming method of studying ittdividiiishj and a decade has 
been needed to secure this basal information. In the belief that with 
definitely established basal values, the excess energy required for 
muscular activity could be studied to greater advantage with groups, 
and thus general az^erage values be obtained more rapidly and p03“ 
sibly with a greater degree of accuracy, a respiration chamber of 
sufficient size to seat 30 to 40 persons was constructed and its ac¬ 
curacy tested.^ 

This respiration chamber, 5,18 meters long, 3.61 meters wide, 
and 2.29 meters high, is well ventilated by forcing outdoor air in 
at one end and withdrawing the chamber air at the other* The 
special feature of this apparatus is the sampling device, A rotary 
air impeller discharges air from the chamber into a copper box or 
wind chest having three circular openings in it, tvro of these being 
JO millimeters in diameter and one 29 millimeters in diameter. The 
amount of air leaving the wind chest through these three openings 
is roughly proportional to the area of each opening and is obviously 
alike for the lo-millirneter openings. Over each of these two open¬ 
ings is placed a can covered with a rubber bathing cap to enclose the 
discharged air. By means of a supplementary blower, air h with¬ 
drawn from each of the sampling cans at exactly the rate at which 
it is delivered into the can. In actual practice, therefore, the air 
enters the cans at atmospheric pressure, is immediately withdrawm, 
forced through containers holding sulphuric add and soda limCj 
respectively* and then discharged. By weighing the soda-lime con- 

iFor a detailed description of this chamber^ see Benedict. Miles, Roth 
and Smith. Carnegie Iiist Wash. FhTx No. aSoi, 1919. pp. ^ to 119, incitisive. 
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tatnetj the carbon dioxide absorbed from the air passing through 
the lo-uiillimcter openings may be quantitatively determined. 

The exact proportion of air passing through the lo-millimeter 
openings was found by admitting a known weight of carbon dioxide 
to the chamber from a steel liottle of the liquefied gas, and determin¬ 
ing the amount of this gas which passed through each opening. In 
the present apparatus this happens to be exactly 10 per cent, of the 
totals ir e.j 10 per cent, of the air is ddivered through each of the 
lo^mUJimeter openings and So per cent, through the 29-millinieter 
aperture. The weight of carbon dioxide absorbed in the purifying 
vesselp corrected for the amount of carbon dioxide contained in the 
incoming air (a correction obtained by a simple calculation)^ is 
therefore exactly one tenth of the total amount produced in the 
cliamber during the experiment, provided no change has taken place 
in the percentage of carbon dioxide residual in the chamber air. 
.Analyses of the residual air^ made wdth a Haldane apparatus at the 
beginning and end of the period^ give this correction, and tlie true 
carbon-dioxide production is thus rapidly determined. 

’With this respiration chamber, experiments with periods no 
longer than twenty minutes are perfectly practicable. The de- 
terminatton of the carbon-dioxide production has of itself but little 
value, but is used for computing the heat production by means of the 
Calorific value of carbon dioxide at an assumed respiratory' quotient. 
Such a method is admittedly not so accurate as the direct measure¬ 
ment of the heat production, or the computation of the heat produc¬ 
tion from measurements of the oxy'gen consumption. It is* how'- 
cvecj a rapid method and not too costly for determining the approxi¬ 
mate heat output of a group of people. 

Through the personal interest of Professor Alice F* Bloody 
several groups of Simmons College undergraduates were interested 
in the research and volunteered to act as subjects for this series of 
experiments. The studies were made W'ith over two hundred 
Avomen. Tn this research the standard values used for comparison 
were not obtained under the usual experimental conditions for dc- 
terminifig basal metabolism^ that is* twelve hours after the last meal 
and wdth the subject lying down in complete muscular repose* but to 
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give practical living conditions, they were detertiiined two hours 
after a very light breakfast and with the degree of repo&e possible 
with the subjects silting quietly^ reading. Hence, this standard 
value or base line should not be confused with true basal minimum 
metabolism measurements. From past experiencep the standard 
value here used may be estimated to be not far from lo |>er cent, 
higher than the true basal or minimum value. 

.All of our esperiments %vere made with one or more periods at 
the beginning, in which the standard value was established for the 
day under the conditions outlined. Observ'ations w^cre then made 
of the increment due to reading aloudp singing, sewdng, standing 
quietly* sw-eeping, dusting, standing up and immediately sitting down* 
and with the subjects marching in single file around the chambern 
These observations are now" being extended so as to include many 
more household activities. The agcs^ heights, and body-weights of 
all of the subjects have been recorded. The calculations of the 
metabolism have been made on the basis of uniform body-weight, as 
Harris= has recently shown that the metabolism per kilogram of 
bcniy-weight is, with homogeneous material, a satisfactor}' method 
of comparison. 

Since every experiment contained periods in which the standard 
metabolism w^as determined for use as a basal value, a considerable 
amount of data is available showing the metabolism of the subjects 
while they were sitting quietly, reading. Tlie results of these quiet 
periods are given in Table I. as heat output per kilogram of body- 
weight per hour. In computing these valueSp we have assumed a 
respiratory quotient of O.90, since all of the experiments were made 
two hours after a light breakfast. The calorific value of carbon 
dioxide at this respiratory quotient has therefore been used in all of 
our calculations, namely. 2.7S5 calories per gram of carbon dioxide. 
From this series of experiments on twelve different days, embody¬ 
ing t w ent % ■■■three pe riodSp in which over t wo hundred women, par- 
tic ipated, it is seen that the average heat production per kilogram 
per hour was 1.12 calories. This average figure of r. 12 calories has 
a specific interest in that it indicates the probable heat production of 

^ Harris and Benedirt, Carnegie tnst. Wash. Pub, No. 279, 1915^, p, 16&, 
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women sitting quietly under ordinary living conditions with a 
moderate amount of food in the stomach. 
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The percentage increments in the metabolism due to the various 
household activities studied are given in Table IL The^e are 


arranged in the order of increment in energy requirement. 
Although perhaps of minor practical importance, it is of physio¬ 
logical interest to note the metabolism necessary for reading aloud^ 
In these experiments the students read in unison either from a 
standard college text bcwk or from the book of Psalms. Three ex¬ 
periments with twenty-three to twenty-five womeot viith a total of 
eight periods, showed increases of 3, I, and 5 cent,, respcclivelyt 
with an average of 3 per cent. Frankly, this was rather a surpris- 
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ing obsen-atiod, for it would be expected that the effort of reading 
aloud would be measurably greater than here indicated. 

The slight increase in metaholisni due to reading aloud is of 
even greater interest when compared to the large increments noted 
when the subjects were singing. In these experiments the subjects 
sang from a book of college songs or a standard hymnal used in 
chapel. In the three experiments with fourteen to tw'enty women, 
covering in all four periods, the rather irregular percentages of ty, 
34, and 16 were obtained, with an average of 22 per cent., this being 
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more than seven times greater than that noted when the subjects 
were reading aloud. 

To determine the increment in the metabolism due to the labor 
of plain sewing (hemming), two experiments with fifteen women, 
and covering two periods, gave 16 and 10 per cent, respectively, with 
an average of 13 per cent. Since in this sitting occupation, the 
bodies of the subjects remained relatively quiet and the arms alone 
were moved, it is perhaps not surprising that the increment was no 
greater. 
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To throw some light upon the additional energy requirements 
neeessary for maintaining the standing positioiij one experiment 
with twenty women with one period was made in which it was found 
that the extra metabolism recjuired for standing was 9 per cent, 
above the standard sitting resting metabolism. This agrees reason¬ 
ably w^cll with values found in this laboratory for subjects in the 
post-absorptive condition for the differences between sitting and 
standing. 

As a tj'pical household occupationp involving moderate muscular 
exercise* the metabolism during sweeping was studied in two ex¬ 
periments with fifteen w^omen and covering In all four periods. 
The increments noted were J39 and 161 per cent.* respectively* with 
an average of 150 per cent. This is somewhat less than the increase 
due to moderate walking found in the Nutrition Laboratory* w'hich 
w'as approximately 350 per cent, above the metabolism w'ith the sub¬ 
jects in the standing position. 

Another household occupation studied^ involving rather moderate 
muscular effort, w^as that of dusting. In these experiments the sub¬ 
jects were required to dust chairs* wiping the rounds and seat, and 
at a given signal change to the next chair in rotation. One minute 
was allowed for dusting each chair* Three experiments with lour 
periods with fifteen and nineteen women gave increments above the 
basal value of 126, I2i, and 156 per cent.* respectively* with an 
average of 134 per cent.* an increase only slightly less than that 
noted in the sweeping experiments, namely^ 150 per cent. 

The increment in energy with tw^o other muscular activities w^as 
studied in this series of experiments but the results are not included 
in Table 11 . The muscular work of standing up and sitting down 
enters Into a relatively large number of the daily activities and a 
special study of this operation was made in that the subjects while 
sitting quietly in a chair w^ere* on a given slgnah required to stand 
up, remain standing one second, and then immediately seat them¬ 
selves, This routine was carried out approximately once every 
minute during the period. In this particular series, It seemed best to 
compute the increments not as a percentage above basal but as the 
actual increase in energy' for standing up and sitting dow'u per move- 
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ment and per mdividual. Two experiments with eighteen and 
twenty women, covering a total of three periods, gave values of 0 31 
and 0.32 calorie, respectively^ averaging 0.32 calorie. It thus ap¬ 
pears that with young women an energy expenditure of approxi- 
ately one third calorie is required for the activity of standing up and 
sitting down. 

On one date, April 6^ 1918, a group of twenty-five young women 
marched slowly about the respiration chamber for tiventy-five 
minutes. The distance u'alked in going around the chamber once 
was forty-five feet; this Avas accomplished about fifty-three times 
in twenty "five minutes, the exact total distance walked being 2,356 
feet. On ttiat particular day the standard value found and used 
for the base line was 1,20 calories per kilogram per hour. During 
the walking the heat output was 2,44 calories per kilogram per honr^ 
or an increment over the standard value of 1.24 calories per kilogram 
per hour. The rate of walking was T08 mites an hour and the 
average weight of the subjects fifty-four kilograms, from which 
it is readily computed that at this very slow rate of walking die 
energy above basal required for transporting the body was sixty-hvo. 
calories per mile. \\T:aile very few of the experiments on walking 
made in the Nutrition Laboratory employed so slow a rate of W'alk- 
ing as this, many pf our obser^'ations with slightly faster rates give 
values from 40 to 60 calories per mile although usvially with men, 
with consequently soniew'hat higher body-weights. Too little evi¬ 
dence is thus available to indicate whether or not ivalking at so 
sloT^v a rate is performed on a distinctly uneconomical basis. The 
value is not far from that commonly quoted from Gcnnaji sources 
for the energy required in xvalktng one mile at a moderate rate. 

The methcxl u.sed in this research seems to be well founded and 
applicable to such study. An extension of these observations is 
planned to include not only w omen and children^ but also men en¬ 
gaged in various activities, these studies forming a part of the 
general study of muscular work now' in progress at the Nutrition 
Iraborator)', 

N UmUTIOOC LABeftATORY^ 
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ALTERNATING-CURRENT PLANEVECTOR POTENTI¬ 
OMETER MKASUREMENTS AT TELEPHONIC 
FREQUENCIES. 

Bif A. B, KEN NELLY akd EDY VELANDEIt 
{Read Apr4i id, ipip.) 

History of the Apparatus. 

The measurements presented in this paper have been made in the 
electrical engineering laboratories of the Massadmsetts Institute of 
Technology', with a new form of a.—c- planevector potentiometer,, 
giving Its potential readings In rectangular coordinates. This in- 
t rumen t lends Itself readily to the measurement of vector potential 
differences up to frequencies of at least 2,000-'. The principle of 
the potentiometer is the same as that described by Professor Larsen* 
m igroj but the present form of the instrument has been worked 
out in the SI. I, T. laboratories* mainly through the thesis studies of 
Mr. A. E. Hanson.* 

The essential connections of the instrument and Its method of 
application are outlined in Fig. i* The anti-inducEive resistance ab 
IS connected in series with the primary' w inding be, of a toroidal non- 
ferric induction coil included in the main potentiometer circuit Pn 
The secondary' winding bd, of the induction coil, is connected at b 
with the junction of the primary coil and the resistance. The sec¬ 
ondary winding of the induction coil* and the resistance ab, are both 
provided with suitable taps, which are brought out to dials, for ad¬ 
justment of the potential connections at k and L When a sinusoidal 
alternating current r.ims, amperes /, from the osciUator source 
0 , at a suitable impressed frequency^ passes through the potentiom- 
eEer dreuitp the alternating p.d. beEween the taps k and I will be 

+ r.m.s, volts Z (i) 

where R is the resistance included beEwcen k and b iu ohms^ while 

* Bibliography 9. 

= Bibliograi>by jj. 
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IS the muti^l reactance included between { and M 
denotes the mutual inductance between the primary' winding and the 
part bt of the secondai^^ and w = 2Tf^ i$ the angular velocity (in 



don^ler P arfangpc! f-or exploration of the potoiiiai dbtributiofi over the 
working circuit tV. 

radians per second) of the impressed frequency' f, in cycles per 
second. 

The oscillator also supplies current to an associated working cir- 
cult containing the apparatus in which the distribution of plane- 

vector® a-c. potential is to be explored, A tuned vibration gal- 
^’anometen VG^ enables a potential balance to be obtained between 
a selected pair of terminals on the working circuit, and the adjust¬ 
able taps on the potentiometer circuit, so as to secure the relation 

= r.m.s, vohs £ (2) 

whereby the p.d. at the tenninaU, say A and can be evaluated in 
terms of the calibrated constants i? and X of the instrumentp and 
the measured potentiometer current 1 ^, taken at standard phase. If, 
however, another p.d., say for instance, across a standard re- 

*A pbneveckor may be defined as a geometrically directed complex 
quantity m a plane of reftrence, and subject to the laws of i;:omp1ex arith- 
m^iCp ^ distinguished from a vector which is subject to the laws of vector 
arithmetic. In this paper the term ”vector*' is used as au abbrcviattDn of 
^ planevector ” 
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distance r as indicated at BCj In Fig. i, is measured imme¬ 

diately after 've have 

UBc = i^R, + }X^h 

Then 

^^R+JX 

Use + jXtt 

In this th^ relative numerical values of the p.d.*s on different 
parts pf the working circuit can be evaluated, preferably in terms of 
the p.d. OR a standard resistance, without requiring a measurement 
of the potentiometer current Ip. 

As thus far described, the instrument can only measure vector 
p.d/s confined to a single quadrant. By means of reversing sw^itches^ 
however* on X and on the entire potentiometer, all four quadrants 
in the voltage complex plane can be explored. 

A more detailed description of the instrumcntj and of its mode 
of operation, technique and limitations, appears in a paper by the 
writers published^ elsewhere; so that only a brief outline of this part 
of the subject will here be necessary, in order to present more fully 
in this paper some of the results w^hich have been secured with the 
instrument, at telephonic frequencies* in the laboratory. 

Simple Seihes Circuit of Resistance, Inductance and Capaci¬ 
tance, AT Constant Frequency and Varied Capacitance. 

In Fig. 2 the connections are shown of a simple working circuit 
containing an inductance L of 0.8106 henrj', a total resistance R of 
3183 rhhnis, and an adjustable condenser C, Such a circuit may 
briefly be described as a RLC circuit* The connections to the 
potentiometer are also indicated. The inductance L was very loosely 
coupled with the Vreeland oscillator Ojc, and the oscillator fre¬ 
quency was maintained at 500-^, 

With the condenser C shorted; Le.j made infinite, the poten¬ 
tiometer reading on 100 ohms in r was the vector as obtained 
from rectangular coordinates in R and — jX, viz. —22.5—^176 mil- 
livolts. This is indicated as a vector of 1794 millivolts, at a slope 

* Bihliog^rapby 14. 


r.m,s. volts Z {3) 
numeric Z (4) 
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of “97"’.2 with respect to the reference axis OR^ which coincides 
with the phase of the current in the potentiometer circuit. 



Fic, 2, Current loais, under consul impressed cimf. of 500-^, of a 
simple circuit containing mdHctance, resistance, and capacitance, the latter 
being varied from 0,03 m/, to oe_ 

As the capacitance m the condenser C was reduced, the vector 
voltages at the terminals pp^ advanced along the locus AFBDO, 
which is seen to be a circle parsing through the origin of coordi¬ 
nates R and jX. 

It is easy, to demonstrate that a circular locus must apply to the 
current and therefore to the potential difference at pp\ The im* 
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pedance in the working circuit of Fig. 2 is 

R + ohms Z (5) 

If we keep r, L and « constants but vary C, the impedance will ad- 
varicc vectorially along a straight line parallet to the / axis^ or react¬ 
ance axis. This is shown in Fig. 3, where dtstances along the hori¬ 
zontal real axis represent values of resistance R; while distances 
along the / axis represent values of reactance. As the value of C 
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Fic. 3* Plinevector inipedance locus of a simple circuk m which the 
capacitance h varied. 

was changed from infinity to 0.03 X i<r^ farad, the vector value of 
impH^dance moves along the straight line abde. The imp«iance Z 
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therefore pitrsties a straiglit-line locus. The ctirrent in the work- 


mg drcuit will be 




|-Er|Kr 

z 


amperes Z (6) 


where [E^.] is the constant size of the induced e.m.f, in that circuitp 
and is the angle of Hg of that e,m,f. behind the current in the 
potemiometer circuit, considered as of reference phase. This cir¬ 
cuit happened, in this case, to be strongly condensive, owing to the 
adjustment of the condenser C tn Fig. i. The angle of lag p is the 
angle DOP in Fig. 2 . In equation (6) the vector impedance Z 
appears as a reciprocah or in the denominator. It is well known 
that the reciprocal of any vector straight-line locus is a circular 
locus passing through the origin. The diameter of the circle through 
the origin is also the reciprocal of the perpendicular distance from 
ihe impedance origin to the impedance locus. Consequently^ in 
Fig. 2, with |£,|. I = 7.273 volts, the diameter OPj expressed in am¬ 
peres, w'iil be 7.273X1/3(81=0.002285 ampere, or 2 .2&S rnilli- 
amperes, lagging behind the phase of the potentiometer current 
OR. The measured p.d, across 100 obnis in the resistance R will 
be 0.2285 lagging . 

In reducing the capacitance of C from infinity to zero, the cir¬ 
cular locus of potential across pp^ has nearly covered three quaners 
of its entire circle. It is evident from a consideration of Fig. 3^ that 
if, w ith the condenser shorted, additional inductance could have been 
inserted in the circuit, while retaining all other conditions constantt 
the remainder of the circular locus might also have been 
traversed. 

The use of the new potentiometer thus enables this circular 
potential and current locus, at telephonic frequency, to be demon¬ 
strated observationally, instead of remaining on a purely abstract 
mathematical basis. 


SrMftE RLC Circuit or Sharper Resonance. 

Another example of varying the series capacitance in a simple 
a.-c* circuit, but at a frequency of 2010—', is given in Fig. 4. Here 
almost tbe entire circular locus of potential and current is coveted 
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by the observations^ which, shown as round dots^ lie close to the 
circle OABD^ except for an accidental wide unobserved gap between 
0.019 o.oca^ microfarad. In this case^ the resistance of the cir¬ 
cuit was 250 ohmsj and this relatively small resistance involves a 
relatively large change in the vector iinpedance near resonance^ com- 



Ftc. 4. Current-locus foir conditieus similar to those of Ftff. 2, but 
plying to a dreuit of smalter resistance^ and to an impressed frequency 
of 3010—^+ 

m 

puted at 0.0214 microfarad, with a small change of capacitance. It 
may be noted that in this case a change of 250 ohms in the condenser 
reactance changes the vector current, from resonancCp through 45* 
difference of phase, or over a quarter of the circular locus. As the 
resistance R in the circuit is reduced, a correspondingly smaller 
change in reactance, from the resonant point, wiU produce this 45'’ 
change iu the vector current. An a.-c, potentiometer can thus 
serve to measure a small capacitance with precision^ by observing 
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the vector change of current thereby produced Ln a sharply tuned 
resonant circuit of low resistancCp when the conden&er is inserted or 
removed* Other applications of the same principle will suggest 
themselves. 

SriiFLE RLC CmcuiT w'ith VASiaTtot^s Made First in R Alone, 
and then in C Alone. 

An example of a simple RLC circuitp ^vith $uccessive variations 
in resistance and capacitance^ is presented in Fig* 5. Here the total 
resistance in the circuit could be given different assigned vailiies be¬ 
tween 52 and S02 ohms. The capacitance could also be varied be- 
bveen inhiiity and 0.20 microfarad. The p^d^'s were measured 
across taps pp\ Figs. 2 or 4, and the enrrent strengths determined 
therefrom* The constant mductance in the circuit was o^i henry* 
The frequency was 1006-^ throughout. This produces resonance in 
the circuit at C=o.25 microfarad. 

If we plot the impedance of a. RLC circuit, like that of Fig. 4p at 
any constant frequency, we obtain an impedance diagram of the 
type represented in Fig. 6 . If we maintain constant resistance in 
the circuit^ such as ohms, and vaiy only the capacitance, 

the impedance locus will lie along the straight line AB. Such a 
variation of impedance, substituted in equation (6), wdll, as we have 
already seen, give rise to a circular current locus, the diameter of 
the circle coinciding with the vector E of impressed e.m.f. If, 
however, we keep the reactance constants at some value such as 
— 2 ohms. Fig. 6* and vary the resistance, the vector im¬ 

pedance will move over the straight-line locus Z>£. This vector 
impedance, inserted in (6)^ will also give rise to a circular locus; 
but the diameter of ihis circle will be in quadrature with the vector 
of impressed emi.f. In the particular ease of resonancep w^here the 
reactance is kept at zero, and the resistance is varied, the current 
locus will be a circle of infinite radius; a straight line, coincid¬ 
ing T.vith the vector of impressed e.m.f. These results arc brought 
out experimentally in Fig* 5, It will be observed that with a capaci¬ 
tance of 0.25 microfarad, the locus coincides with the straight line 
OR. The vector impressed e.m.f. was so adjusted, by preliminary 
tuning of the potentiometer circuit, as to coincide with this line. 
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All of the circles of coristant resistance have their centers on the 
line OR^ or axis of reals. 


Fi& j. Graphs of veetpr currcFit or vedof aditiittance far a drcult* in 
whidi eiUicr pr C is^ varicil alone. 

In Fig. 5, the lull lines are the theoretical loci and the small ctr- 
ties the actual potent iometer readings. Fig, 6 is obtained by inver- 





























106 


K£NN'£LLY AND VELANDER—POTENTIOMETER 


sion from Ftg, 5, and shoAvs the vector loci of !in|>edaiic;e in the 
circuit, the full lines being computed. The $mall cirdes indicate 
the experimentally deduced results. 
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Fia 6. of vector for a RLC drcuit, in which either R or € 

[ft varied ^one. 

Divided Circuit with Inductsnxe and Capacitance in 

Paiullel. 

If we tal^e a siinple RI^C drcukp such as that shown in Figs, a, 
4 and 5* and shunt $ome part of the fixed inductance w'ith an adjust¬ 
able condenser, we obtain the connection diagmm of Fig. w here 
the inductance coil i, separate from the oscillator secondary, is 
shunted by the variable condenser c. CoTiimcncing Avkh c ^0, or 
the condenser removed, the A'ector current in the ctrcuitp as deduced 
from the p.d, across the lo ohm taps was the vector 0/=3 6 
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+ji3,e= 14,07 £7S“-2 milliamperes, at 525^1 
capacitance in the condenser f. Fig. 70. is iijcteased from 0 to in¬ 
finity, the current locus goes over the circular path mlpk. Fig, jb. 





aC 


m^ry 


P- r' 


Fic. 711 . Circuit of inductance, resistance, and cjpaeilance, where one part of 
the inductance is bridged by a variable condenser r. 



Fns, 7 b, Locus for the main current in the circu.tt.of Fig. jo, the eon 
denser c being varied from a to “o, and the impressed eutuf. being maintained 
constant, at Sia—* 

The phase of the e.m.f. induced in the coil L, Fig. ya, is represented 
by the vector Ok, Fig. 76. 


























los kexnelly and velaxder—potentiometer 

The circular graph of Fig. yb is a current locus to OR as stand¬ 
ard current phase. The same graph may, however, be regarded as 
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Fia 7 f. Vector circular lorf of mail, and branch curtrats In the drcait of 
Fig. 70, as tht Gond«tiser c ii vmed 


an admittance locus to Ok as standard admittance phase,.if we 
change the scale of coordinates accordingly, since 

E ohms Z (7) 

and E is the e.n..f. in the circuit, 3. 744^ 19% volts, which was kept 
consent both m size and in slope during the observations. If, re¬ 
garding Fig. yb as an admittance graph to the proper scale, we take 
the reciprocals of successive vector values, we obtain therefrom an 
impedance paph which must also be circular, according to the theory 
of geometrical inversion. Fig. 8 shows the vector impedance graph 
so ^tained. It represents the vector impedance in the main circuit 
of Fig. ya when the condenser c is varied. At f = so, the vector 
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impedance is 03f=464.7 v74"^35- At c—0, rhe vector impe¬ 
dance is 0L=:^,2 V ohms. The angle wioi in Fig. jb is 
the same (J9*) angle AlOL in Fig. S. As c Js increased from 
r—o to the vector impedance purg^ues the wide cirde 

LPGM. 



Fia a Locus diagram obtained by inversion from Fig. and showing the 
variatjpn of total inain-circuit Lmpedance of the main-elreiiit of Fig. 70, 

The explanations for these interesting circular graphs of Figs. 
7* and S. appear step by step in Fig. 9. Fig. 9^ shows the vector 
admittance of the tc combination in Fig. 70, as taken between the 
points Ln the main circuit. Fag. 90^ is the fixed admittance 
of the coil I, Fig. 7n, at the constant impressed frequency of 525-^; 
namely 04656 ^/4'343 —83*.55' milltmho. The admit¬ 

tance of the condenser c will be / cm . The vector sum of 0 / and jem 
will evidently lie on the straight line tm, as c varies from o to ao. 
The corresponding impedance of the Ic combination, between points 
gg in the main circuit. Fig. 70^ will be the vector reciprocal of the 
straight line locus /tii. Fig. 9a, and must therefore he a circle, as has 
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been already pointed out* The impedance of the combination will 
vary over the circle l-USM, Fig- from 01 ^ with c o to OAf -o 
with c='*. The diametral maximum impedance OR or 2147 



Fic. fld. Vector admit- Fia Vector impedance of il and c in par- 
tanee of J and £ in par- allcl as r is varied from iwo to mfinity. Vector 
alkl as c is varied from inversko of Fig. -pa. 

Mrm to infiiiity. 


ohms, occurs at the value of c (i-3f7^t/) at \vhich Ou^ Fig* is 
horizontaty and at which value the vector admittance in 9a has mini- 
tnum size. At this value of c, the admittance of the k coiubination 
h a minimum, its impedance a maximum, and the p.d* at terminals 
q(f in phase with the main current. This condition occurs w^hen 
ihe susceptance of the condenser />« is equal and opposite to the 
susceptance of the coil. Thus 



I r—jL* r , Lf 

= mhosZ (8) 
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so that 


Xi 




[3=1 V + ^ r* 

!^ + j- 


mhos, (g) 


Cons^cjucntly, at niminium adnihtance and maximum impedance. 


or 


Cetf = 



I 



/w' + j 


mhos (lo) 


farads, (u) 


It may be noted that the condition of maximum-impedance in the 
Ic combination^ and which has been defined as ** parallel resonance/' 
corresponding to zero total susceplancCt differs from the condition 
of simple series resonance within the tc circuit, which occurs when 
the total reactance is zero, or when 


ftd ™ mhos. (l^) 

This condition is found bi the diagram. Fig. 93, at the total vector 
admittance oj, when the capacitance in c is This occurs 

when the angle Fig. 9, is 90** or when the angle uso is equal to 
the angle uol of the coil's adniiitance. The angle s&u is 6 °.f^ the 
complement of uoi 

In Fig. 9&, the impedance OS of the Jr comhination is that which 
is presented at series resonance. It has the value 313S ^ 6°./ 
ohms. The angle SOU is the same as the angle sou. At the ca¬ 
pacitance c= 1.317 ^f., the p.d. at the k combination, will 

be in phase with the main current. 

If we increase the impedances of Fig. 9ft by the fixed impedance 
in the remainder of the circuit. Fig. we obtain the total circuit 
impedance as shown in Fig, gcj where OM' h the vector impedance 
126^—/447.3=464.7 \ 74“.i 6', If we add to this fixed impedance^ 
OM\ the vector circle LUS of Fig. 9b, we obtain the resultant vtc- 
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tor lociis M^K*H*U'Q* of Fig. 9^. As the capacitance in ^ varies 
from o to the Impedance in the main circuit varies from OL* to 
OM^j around the circular arc H*Q*. 

The vector OF = 2 c 6 ry ^ ohms, is the point of ap¬ 

parent resonance or minimiun impedance in the main circuit; 
maximum maiu current^ as the result o£ adjusting condenser c* It 
is not a true resonant point, since there is neither cophase, zero re¬ 
sistance, zero suscepiance nor equality of undamped frequencies. 

The vectors OK' and OH' are two cophase vectors, at each of 
which the current in the main circuit is in phase with the main im¬ 
pressed emiJ. In general, there will be either two such cophase 
points, or none, A single cophase point may, howeverj, present 
itself as an intermediate case. Such cophase points are, in general, 
not to be classed as resonance points. 

The vector points, U* and S'* corresponding to U and S in Fig. 
9&J and also to n and r in Fig. 9a, are only of secondary signification 
in relation to the main-circuit impedance. That is to say, although 
they correspond to local-circuit resonances in ic, they do not. in 
general, represent main circuit resonances. 



Fig. gc. Total Impedance of dmiit inelud- 
inff i and c in parilkl, as obtained from the 
vector addition of OM to the locus of Fi^, gb. 


FiG. Qd, Total admittance of circuit 
as obtained by inversion from Fig. gc. 










measurements at TELEPHOXIC frequencies. IIB 


Finally, the vector OQ^ represents the maxiirnim impedance of 
^357 ^ ohrtis. It is hi cophase with the vector OF of 

apparent resonance. 

If ive invert die impedance graph L*F*H'Q* with respect to the 
origin Oj, by plotting reciprocals of the corresponding vectors, wc 
obtain the total admittance graph of Fig, gdu This pursues the cir¬ 
cular locus as c varies from o to x. This may also be re¬ 

garded as a main current graph to a suitable scale of amperes, with 
the voltage at reference phase OG. The vector admittance and cur¬ 
rent will have a maximum at 0 /j^ the point of apparent resonance,, 
cophase points at k and hj. minimum at q and local internal reso¬ 
nances of the Ic loop at u and s. 

Fig. jb shows the circular locus obsen'ations in the main current 
corresponding to Fig. gd* while Fig. 8, deduced from yfr, corre¬ 
sponds to Fig. 9^. It is therefore brought out experimentally, with 
the new potentiometer, what has perhaps hitherto been known only 
in abstract theory, that the variation of pure reactance in a branch 
circuit gives rise to circular-locus current variations in the main 
circuit. 

The experimental case, presented in Fig. y, corresponds to that 
of a radio receiving system, in which L and C correspond to the 
antenna path to ground. The loop circuit tc then corresponds to 
an oscillation circuit conductively connected with the antenna, c 
being tuned to bring about maximum antenna current. 

Composition" axb Resolution op Vector Circulak Loci. 

The vector loci of current in the fixed inductance I and the con¬ 
denser c, as the latter is adjusted from zero to inflnit)", are presented 
in Fig, yc- These take the form of circles marked respectively 
and /c. The vector sum, /«,, or main current in the circuit LC of 
Fig. is reproduced from Fig. yb to e.rti.f. standard phase. It 
may be noted that in these three circled the maximum or diametral 
values of current strength occur at different condenser settings, /■ 
has its maximum near r=0 5/^1, /, near 07/^f., and near 0.9/if. 

It has already been shown that the circubr variation of impe¬ 
dance in the condenser, by reason of its adjustment, gives rise to a 

fitoc AMElr PtifL SOC., VOL LVIIf, U, JUtV 21, 
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ctirrent of circdlar locus in the main circuit. The p.d. at the termi¬ 
nals qq* must abo have a circular locus, as it consists of the vector 
di (Terence between the constant impressed CLm.f. Ej and a vector 
drop of circular locus due to a circular-locsis current in the constant 
impedance of i- and C. Consequently, the fixed branch / must re¬ 
ceive a current of circular locus. The current in the variable con¬ 
denser branch must also have a circular locus* as will be seen from 
the follow^ing rebtions. The main current / is 

/ = - - — amperes Z {15) 

i+j^ 

E(£+jcu) , ^ ^ 

~it+Zg>+j^ ( 14 ) 

where g is the fixed admittance of the coil i or i/(r -j- jt^) in mhos 
Z ^ and Z is the (ixed impedance, in ohms Z ? of the main LC circuit, 
outside of the h combination. 

This main current / has already been shown to have a circular 
locus* in reference to Fig. 9^ and the conclusion is confirmed alge¬ 
braically from {14), by Mdbius" theorem, as svill be further dis¬ 
cussed in the appendix. 

The branch current in the condenser is 

. » Ejct^ E , . , 

+ ” (I + Zs) +jZc. = ^ .i+Zg (15) 

m 

In its last form, the expression for fe indicates the inversion of a 
straight line, which shows that h has a circular locus, passing 
through the origin* The branch current In the fixed inductance I is 


/ = 7 g _ 

g-¥jCti> (l+Zg)+jZcm 


amperes Z (i6) 


also evidently a circular locus when c varies. 

Consequeotly, by analysis based ou purely electrical relations, 
the vector circular locus is resolved into a pair of component 
vector circular loci h and let such that at any assigned value of the 
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capacit;ince c, the vector sum of /r and /^p corresponding thereio, is ^ 
equal to the value of then e.\] sting. 3kloreover^ the vector sum 
of OO^: and OOi, which are respectively the vectors from the origin 
to the centers of the branch current circles, is equal to OOmn the 
vector to the center of the main current circle. 

This process of splitting a main current vector circular locus into 
branch current circular loci can be indefinitely extended, by sub¬ 
dividing the admittance of any one branch into any desired number 
of equivalent branch admittances. Thus, by following Uie known 
electrical rules of splitting admfttanceSp a vector circular locus, fol¬ 
lowed by the main current, can be resolved into any desired number 
of component vector circular loci. 

Conversely^ when a number of branch circuits^ forming divisions 
of a main circuit containing a steady connect a pair of termi¬ 

nals, and one of them has its impedance varied circularly* the cur¬ 
rents in all will undergo circular variation in Iijcus. The vector 
sum of all the currents in the unvaried branches can be obtained 
by replacing their several fixed admittances by a single joint admit¬ 
tance, and determining, from electrical considerations, the vector 
circular locus established in this joint admittance by the circular 
variation of impedance in the outstanding branch^ 

V-^oltage: Distsjhutton Along a Series of High-Resistance 
Coils at aoio-^^ 

A series of high-resistance coils, such as a megohm box^ divided 
into a number of sections, develops an interesting electrical condi¬ 
tion* when used with altemaling currents, which does not obtrude 
itself upon the attention of the observer when such resistances are 
used in continuous-current tests. This condition is a superposed 
alternating-current distribution in the coils* due to their distributed 
capacitance and he relatively high potentials which are im¬ 
pressed upon their terminals^ In the continuous-current case, the 
capacitances and applied potentials are present^ but the charges are 
fixed, and these do not interfere Avith the testing current. The a,-c- 
phenomenon has been noticed and studied, but does not appear to 
have been presented in the light of potentiometer measurements. 
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The connections for the test are indicated in Fig, ii. The high- 
re&btance box AB of i00,000 ohmsJs divided into lO coils of 10,000 
ohms each. The end B is grounded, and also connected to the re¬ 
sistance tap of the potentiometer. The exploring tap^ passing 



Figl 10. Vector valtage drop observed alon^ a sectioned high resistance 
box of 100,000 ohm^ in 10 eoth of lo^ooo ohin$ each, at the frequency of 2,01 & 
cycles per seconds Crosses Indicate observed, and circles computed values. 

through the vibration galvanometer, makes contact in succession 
with the Junctions I, 2!, 3 , . . 10 of the resistance coils, Fig. ii. 

The results of an exploration, at 201 are presented in Fig. 
10. With the poteittia] of the grounded point B at the origin, the 
potential at A was 855+ /98 millivolts. If the fall of potential 
along the colls were regular, the intermediate potentials should have 
fallen on the straight line AB^ whereas they actually fell upon the 
curve i, 2^ 3 ^ , A, The vector deviations are indicated at 

each junction, and they affect both size and slope- The reason for 
this behavior evidently is that^ as indicated in Fig. loa^ the resist¬ 
ance box resembles an artificial line, in which the line section$ are 
resistances shunted by condensers; while each section has a con^ 
denser leak to ground. The obseni'ations indicate that each 10,000- 
ohm section subtends, at this frequency, an as^erage hyperbolic angle 
of 0.13 15 ■ which w^ould be accounted for by a shunting con¬ 

denser of 13.7 millimicrofarads per section, and a leak condenser of 
0.268 mill]microfarad- The results Indicate that the drop of poten¬ 
tial in the section nearest to the ground point is very distinctly less 
than one tenth of the total drop BA^ and that in the sections near A 
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verj' distinctly greater Consequently* when using this subdivided 
resistance as a volt box* the B coils give too smallt and the coik 
too large a result. 

It may be observed that it is impossible completely to avoid the 
introduction of these virtual shunting and leak condenserSp bi the 
construction of high-resistance boxes for a.-c. tests. If these vir- 



FlC. II. Expioratien, by incEuis of the patentiomcter P, of the voltage drop 
along a htgh-resijtance box of ido.ood ohms, 

tual condensers ate dissymmetrical, and vary^ from coil to coil* it 
becomes very difiicult to make a proper correction for the error due 
to charging currents. IL however^ care is taken to preserve sym¬ 
metry of structure throughout the resistance box* so that the distri¬ 
butions of %Mrtual capacitance remain uniform from coil to coil, the 
correction may be readily computed, at any impressed frequency, 
hyperbolic functions, according to the well-known theory of arti¬ 
ficial lines, from a single set of observations for determining the line 
constants^ A knowledge of the error will thus virtually eliminate 
the error. Suitably supported and connected metallic ground shields, 
surrounding each resistance coil, would serve to distribute the leak 
capacitance uniformly. High-resistance section boxes should, there¬ 
fore, be designed so as to subtend small hypCTbolic angles per sec¬ 
tion; but whatever the section angle is^ it should he regular 
throughout. 
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Receivixg-End I:upedan€£ of a Cable wittt a Vaeiable- 
ISDUCTANCE LOAIJ- 

The a.-a potentiometer lends itself advantageously to the experi¬ 
mental study of a.-c. artificial lines in the laboratoty. An example 
of such an application appears in Fig, 12, The plan of connections 
shows an artificial telephone cable ten miles (16,1 km.) in length, in 
/-sefctions of two miles each, or less. The liunpiness correction for 
this cable, at 1200-^. was found to be negligible. The constants of 
the cable are ^^" = 88 ohms per loop mile (54,7 ohms per loop km.) 
and c''=o.o6 microfarad per loop mile {0,0373 1™P km,)^ 

The total conductor resistance was thus SSo ohms, and the total 
distributed loop capacitance 0,6 microfarad- 



FiCu li Vector current circular l«ua at rcctrlng end at an artifirial 
telephone cable with variahlc Indueiance load, under constant impressed 
e,m.f. at sending end and at a steady frequency ot 1^208 cycles per second- 


At the sending end A of the artificial cable, a pliotron oscillator 
impressed a steady e,m,f,. reduced to 1,0 volt at reference phase 
and of frequency 1208—^. At the receiving end B% an adjustable 
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inductance L, of n^Iigible reststance, was used as a receiving-end 
load. The received current was measured by observing the p^d. 
across the last resistance section pp" of the artificial line. 

With the inductance L reduced to zero, the receiving-end cur¬ 
rent was observed to be the vector OD = L03 X ^ 37^ mil- 
liampere. The formula for is 

(> 7 ) 

where is the surge impedance of 439 ^ ohms, 

§ is the angle subtended by the line 2.0/44° .3 hyps Z, 
is the impressed angular velocity = aa-X 1208=7590 ra* 
dians/sec. 

With L = o^ becomes 1.035 X Y 37“4 ampere. 

By giving to jLu^ successively increasing values up to f 2640 ohms, 
the observed received current strength was found to pursue the cir¬ 
cular locus DPO. This circle has its diameter at OP, when the 
value of the reactance is 352 ohms. At this condition, the received 
current strength was a maximum at 14X io~^\ So® ampere. 

The sector of the circle in Fig. 12 between O and D might have 



Fic. 13. Rectilinear graph ot r«ei%tng-cnd impedance for ease pre¬ 
sented in Fig. I a, as iHe loai! of receiving-end inductance is varied, without 
dmiging the rcsisUncc from zero viloe^ 
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been coveredH it a condenser had been subsEituted for the inductance 

k 

load. 

Fig 13 shows why a eirctilar current graph might be expected tn 
this ease at the receiving end- The denominator in formula (17) 
contains the vector sum of a fixed impedcnce 5^ sinh 6 and the vari¬ 
able impedance /L^w cosh^. In this temi » and cosh B are constants 
so that L is the only variable. The vector Fig. 13, represents 
sinh 0 . AC is the vector /Lincosh for L corresponding to Lw/R 
= 04. The vector sum s, sinh 0 + jLai cosh B is then OC. To suc¬ 
cessive values of L, from L = o to L—0,175 henr/p correspond suc¬ 
cessive distances from along the straight line AB. The vector 
locus of the stim appearing in the denominator of (J7)t is therefore 
a straight line. The reciprocal of this vector suiu must conse¬ 
quently follow a circular locus, and corresponds to the circular locus 
of Fig. 12. OF is the perpendicular from the origin to the line AB. 
The point P thus marks a minimum receiving-end impedance^ and 
a maximum received current. This corresponds to a certain type 
of resonance. 


Fiqi 14. 



Re$oiiaiice curve of received current strength squared against the 
ratio of receiving end reactance 10 lotal resistance. 
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If we plot die square of the received current strength of Fig. 
as scalar ordioates, to Lt^/R as abscissas, vve obtain the resonance 
curve o! Fig. 14. It follows from the linear relations of L*a/R 
along the straight line AB, in Fig. 13, that the ordinates of the reso¬ 
nance curve in Fig. 14 will lie symmetrically at equally spaced ab¬ 
scissas on each side of the maximum. If a condenser had been used 
as a receiving-end load beyond the point L = o, the part of the reso¬ 
nance cur^e. Fig. 14, on die left-hand of the origin, might have been 
covered. 


pRE^^ALENCE OF ClRCLXAK VECTOR LoCl. 

It may be noted that in the cases of Figs. 2, 4, 5, y, 9 and 12, cir¬ 
cular graphs of vector potential loci have presented themselves, and 
many measurements in the laboratory, at constant frequency, lead 
to such circular graphs. 

If we consider any fixed network of conductors, we may assume 
that all joints are electrically good, all leaks are steady, and all iron 
cores removed from the inductances; or, in other words, assume 
that each and all of the elements of the network obey Ohm's law» 
Let us select arbitrarily any pair of terminab AB in tbe net- 
w^ork, at w hich a constant simple akemating e.mT. is applied, in the 
steady state, at a fixed frequency, and also select any other pair of 
terminals CZ? in the netw-ork, at which the effects of the applied 
e.m^f, are to be looked for. It will be shown, in the Appendix, that 
if we introduce, between C and Z?, an impedance w^hich varies along 
a circular locus in the impedance plane, a straight line variation being 
included as a particular case, then both the current and voltage w*il1 
be caused to vary along a circular locus at C Moreover^ the cur¬ 
rent and sending-end impedance at the terminals A B will be caused 
to vary along a circular locus. Again, if a circularly varied impe¬ 
dance is inserted betw^een the impressed e.mJ. and the A B termi¬ 
nals^ the voltage and current at those terminals will be caused to 
vary circularly, and also the voltage and current at C D. A further 
development of this remarkable phenomenon will be found in the 
Appendix. It means that a conducting network has a w'onderful 
propen sit)' for reproducing impressed circular variations. A net- 
w'ork of n elements, in one of which a circular variation of impe- 


122 KEK}^E1AJ^ AND VELANDER-POTENTIOMETER 


djince or admittance is impressed^ will give rise to fi^l new circular 
variations of current: Le., one in each of the other elements, assum¬ 
ing all impressed e,m-f/s simidtaneotisly acting on the system re- 
main constant. The circular variations in terminal p^dfs through¬ 
out the system will be of the order neglecting intermediate po¬ 
tentials between terminals. 


APPENDIX. 


Circular Variation in Networks of Conductors. 

It is proposed to establish the following main proposition: 

In any network of "conductors, all the elements of which obey 
generalized Ohm^s law, subjected In the steady state to any fre¬ 
quency of constant c,mj, {including zero frequency as the 
limiting continuous-current case), circular variation of the im¬ 
pedance of any element wail produce a correspondiug circular 
^^riation in the current in every element of the network, 
lloreover, the p.d. beuveeu any two points of the network will 
be caused to vary circularly. The sending-end impedance or 
admittance bet^veen any two points on the tiet^vork wdU be like¬ 
wise caused to vary circularly. By “circular variation"^ is 
meant variation over a plane vector circular locus^ including the 
straight-line locus a$ a limiting case^ 

The prevalence of circular loci in relation to alternating-current 
circuits has been recognized in the literature of the subject^^ which 
contains various scattered theorems bearing upon special cases. A 
few of these theorems may advantageously be collated here in pre¬ 
senting the demonstration of the main proposition. 

It was shown by Clerk Maxwell^ that if, in any continuous- 
current network, two terminals, say ^ and B, arc selected as sending- 
end terminals, and two other terminals, say C and D, are selected as 
receiving-end terminab, a current / applied to the network at AB 
would produce the same p.d., at CD^ as would be produced at AB, 
if the same current / wore applied at CD. This theorem may be 

^ Bibliography, 5 , 6 , 7 , ja, la 

• Bilsltography, 3 ; also 4 > fi- 
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given an interesting interpretation in terms of the equivalent T of 
the net^s^ork, with r^ard to terminab A C D. By generalization 
from several well-known examples of equivalent r-s+LaCour^ dem¬ 
onstrated that any a.-c. or d.-c. network can be replaced by a certain 
equivalent T, in general dissymmetrical, so that this insofar as 
regards conditions at B, C, ^ ’will be the exact equivalent of the 
actual network. 




Fia 15 . ContiraoMa-ciurenE network with lU cr^uivalent T and n. 


As a simple examplOp we may consider the continuous-cuiTent 
plane network of Fig- 15. The resistances of the various elements 
in ohms are marked thereon- Some of them are made infinite^, in 

T Bihliography, y and ya. 
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order to simplify the compgtation. With respect to the pairs of 
terminals A B and CD, this network reduces to the A'B' CD' con¬ 
nection of six elements. By any of the known processes, this may 
be reduced to the equivalent 7 " of Fig. 15b, in which the staff resist* 
ante is 40.00025 ohms. It is evident that 1 ampere applied to this 
T at the A B terminals, will produce 40.00025 volts at CD, and that 
reciprocally I ampere applied to this T at the CD terminals will 
also produce 40.00025 volts at BA. The "mutual impedance’*' of 
the network between the pairs of terminals BA and C D is thus 
40.00025 ohms. 

MaxwxU also showed® that if continuous e.m.f. were applied at 
A 5 , and a current thereby produced through the terminals C £> when 
short--circuited, the same e.m.f. applied at CH would produce the 
same current through the terminals AB short-circuited. A simibr 
theorem had been enunciated already by Kirchhoff.’® 

This proposition may. in a similar way. be given an interpreta¬ 
tion in terms of the equivalent TI of the network. In Fig. i^c.bcad 
is the equivalent n with respect to the terminals AB, CD. It is 
evident that an e.m.f. of i volt applied at bn would produce a cur¬ 
rent of a4379562 milHampere at cd, and that reciprocally, 1 volt 
at fd would produce the same current at ab shorted. In other 
words, the mutual admittance of the nettvork with respect to the 
two selected pairs of terminals is the architrave admittance of the 
equivalent n. ilorcover, the equivalent 11 of mutual admittance 
is the conjugate system of the equivalent T of “mutual impedance," 
and may be directly computed therefrom. Consequently, if the 
"mutual impedance” T of a network, with respect to two pairs of 
tcmiinal?, has been ascertained, the mutual admittance n of the 
same network and terminals can be deduced by Il-r substitution 
and without further experimental investigation.** 

In Fig. ]6, a relatively simple altcmating-current plane network 
example is worked out. The impedance of each element of the 
nine-element network is marked thereon. The selected terminals 
are AB and CD. The equivalent T is shown in Fig. i6b, and the 

* Bibliog'raiihy iz 

• BiblEO^r.ap!iy 3, & 

*^Bib]iography u p- jZr 

Bibliography 6a. 
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equivalent n in Fig. l6c. The “ mutual impedance of the network 
for these pairs of terminals is io4S6o5/95®.cx>'47'" ohms, and the 
mutual admittance 0.936265 X 34* 59^3I*^ mho- 



^Tfr ftis i.Tr ■ fl 










ll 







Figl 16, AUemaiinj-ciirrtrtt network with its equivalent T and IT. 


In any actual net%vork, it is theoreiically easy to determine the 
elements of the equivalent T experinientally. It suffices to measure 
Ecfl and in order to determine A measurement of the 
sendiug-end impedances at each pair of terminab in turUp will then 
serve to evaluate and Similar treatment applies to the experi¬ 
mental determination of the U, if this is preferred. 
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In the equivalent T's of Fig?, 15 and 16. aU of the series Im¬ 
pedance appears in the upper arms, and none in the lower arms- 
All of the impedance mightp however, be transferred to the lower 
armSp without altering the equivalence of the circuit. Moreover, 
any desired share of impedance might be transferred from the 
upper to the lower arms, according to the rules of T and / equiva¬ 
lent circuits.^* Similarlyp the architrave impedance of the n's of 
Figs. 15 and 16 may be either wholly or partly transferred to the 
lower line. 

In any dissymmetrical T and its conjugate we have the re¬ 
lation 


m fi 


numeric Z (iS) 


In the ease of Fig, 15, this ratio is 1.2857. *he case of Fig. l6t 
it b o. 5334SZ99"46".47". This also means that in any a.-e. casep 
the difference in the slopes of and will be the same as the dif¬ 
ference in the slopes of and Jf., or 


#1 “ ft = “ ^2 = ia |i 


degrees (19) 


this difference being 

* 

Again in any dissymmetrical T and its conjugate or equivalent 
n. the geometrical mean of the two T-ami impedances, times the 
architrave admittance equals the geometric mean of the two n-!eak 
admittance times the T-staff impedance, or 

vVpips = numeric Z (20) 

In the case of Fig. 15, this prodiict is 0.11587. In that of Fig. i5, 
it is 0.094224 Z 62®.6^40''. From this rebtion ic also follows that 

:^r + ii=i: + ft degrees (21) 

In the case of Fig. f6, this quantity is 12^,13^16"', 

Returning now to the main propositionn if an alternating-current 
netw^ork is connected, at the receiving-end terminals i? 17 , to a circu¬ 
larly varied impedance load, the impedance of the circuit ODCO% 
^*Bibliograpliv ]] and tla. 



MEASUREiIE.VTS AT TELEPHONIC FREQUENCIES. 127 


l6fr will also have circular varialSon^ and the admittance of this 
branch, including this loadt mu^t also vary circularly by the geome¬ 
try of inversion.If, then, i.ve add the constant admittance of the 
staff leat Fig, l6b, it follows that the total admittance on the 
right-hand side of 00' wdll have circular variation, under circular 
variation of the load at B C. Taking the reciprocal qf this circular 
admittance, the impedance of the system on the right-hand side of 
00 " wdll also have circular variation. Adding to this the constant 
impedance A 0^ the total sending^nd impedance at terminals A B 
must have circular variation^ as likewise the sending-end admittance. 

Consequently^ a circular variation of load at OC must produce 
a circular variation of current at A B tinder constant impressed 
e.mj,, or a circular variation of voltage at A B under constant im¬ 
pressed current. 

Again, referring to Fig, i6f. If the constant e.m.f. impressed at 
ab is E, and an admittance load y, which varies circularly^ is applied - 
at terminals dc, then the admittance at ab^ e:?cluding the constant 
leak is the circularly varying admittance: 


Y — mhos £ (22) 

^ f 2 + y 

Hence the entering current in the architrave ad will be 

^ >«(*.«.: W 

Of this current, the fraction y/f^s + v) w'lH pass through the load 
and the current 1 in this load udH therefore be 


1 = 


E*y 


I + + y) 


amperes £ ( 24 ) 


The ratio E/i is the receiving-end impedance of the loaded system 
and is 


Z ^ p-\- ohms Z ( 25 ) 

Bibliotgiaphy 2. 
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In this expressionH if y varies crircu]arl3\ so doe$ its reciprocal, and 
therefore so does Z. ConsequentlVp if the sending-end impressed 
voltage is held constant, and y is varied circularly, the current dehv* 
ered to ^he load at the receiving-end will undergo a circular varia¬ 
tion. From similar considerations, it may be seen that if the sending- 
end impressed current is held constant, the voltage at receiving 
terminals will also undergo circular variation^ when y is varied 
circularly. 

We have hitherto considered the effect of a circularly varied 
load at the receiving tcrniinais CD, in producing circular variations 
of impedance* voltage* and cuirentp both at those terminals and at 
the sending terminals AB. We may now consider^ in like manuer, 
the effect of circularly varied impedancep voltage and current at the 
sending end. 

Referring to Fig. i6&, let the receiving terminals DC be con¬ 
nected through a fixed impedance load trohms I , such that 

pj 4- ™ q2 = — ohms Z ^ 

yt 

Then the total admittance at O will be H- yamhos Z. The total 
impedance at the lenninals R is then -j- + ^3)! ohms £* 

Let an e.m,f. of fixed frequency' and constant vector value £ he 
applied at the terminals A B, through an impedance ohms Z * 
which impedance is varied circularly. Then the total impedance ^4 
of the circuit at the sendtng-end is 

Za — Cl + ^*1 + -r^— ohms Z (26) 

Since is supposed to be the only vartablc, the circular variation 
of Ci causes circular variation in so that the current entering 
the network A B 15 circularly varied under constant e.nuf. £; 
ofp if the entering current should he maintained constant* the im¬ 
pressed vohage E must be varied circularly to correspond. 

The entering current at A B being 

f ^ A ^ + 3 ^) 

+ fliiigt + ya) +1 


amperes Z ( 27 ) 
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The current /« passing through the constant load it it C D h 

»+7, ■ fe+«)£+«)+; ^ 

The denominator in this expression is a vector which undergoes eir- 
cular variationp when is varied cinciilarlyp and since Ey^ is con¬ 
stant, /tf must also vary circularly* This means that the receiving- 
end impedance of the network at CD, with respect to constant e,m.f. 
at undergoes circular variation as is varied circularly. 

If constam current and not constant e.m.f. is impressed at AB^ 
through a eircularl)- varied impedance 2^^ a similar expression for 
receiving;-end current and voltage at CD is obtained. 

Finally^ if ivith Sj and o- constant, the impressed e.rmf. and cur- 
, rent arc varied circularly at AB, k is manifest that the p.d. and the 
current in each and everj^ element of the network, including the 
load at CD^ be varied circularly and in the same simple propor¬ 
tion. In this case^ the circular variations reproduced are all of the 
same type throughout the network, whereas in the preceding cases 
discussed, the circular variations produced are, in general, different 
in the different elements. 

We have hitherto considered only the pairs of terminaU AB 
and C D. Since, however, these are chosen arbitrarily in the net¬ 
work, the above propositions must apply betwreen any pairs of termi¬ 
nals; 50 that if the impedance load at any pair of receiviiig termi¬ 
nals is varied circularly, the impedance of the system, including the 
load, will be caused to vary circularly at any other pair of terminals. 
Moreover, if either the current or the voltage impressed at any pair 
of terminals is varied circularly, the potential and current at any 
other pair of terminals tvSll be caused to vary circularly. The case 
of constancy, or zero variation, must be included as belonging to a 
circular locus of zero radius. Zero variations w ill occur if the termi- 
nab A B are “conjugate** to the terminab CJ?.** 

Finally^ the current in any element of the network must varj^ 
circularly when a constant e.mT. is impressed at any pair of termi¬ 
nals and any other element has its admittance, or impedance, circu¬ 
larly varied- This is seen from an examinatton of KirchhofTs or 
Bibliograpliy f and 3. 
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Maxwell's deoionsiration,^^ when the reasoning is extended to com¬ 
plex quantities. It may be seen that in the symbols here employcd^ 

^ A+By 

trM == £p7 ■ amperes Z ( 29 ) 

where fn is the current in the element rj, when the e.nri.f. is 
insened in the element pq, and y is the admittance of any third ele¬ 
ment iiiv 'vhich is subject to circular variation ; while B, C, and D 
are system constants, independent of y. It is well known, from the 
theory of functions of a complex variable, that the linear transfor¬ 
mation represented by (29) gives rise to a circular locus^ if y varies 
along a circle. 

It may be noted that by reason of tbe known principle of vector 
superposition of currents in a network, the multiplication of circular 
loci extends to cases where a pUirality of e.m.f.'s coexist. The 
proposition may also be extended to Lndude mutual inductances. 
Strictly speaking:, iron-cored inductances are excluded^ how^ever^ 
owing to the imperfect application of Ohm's law' to them^ under 
vaiyHng permeability and magnetic skin effect. 

If the impressed aUernating c.m.f. or e.mT,^g are impure, so that 
harmonics are presents any rectilinear variation in the impedance or 
admittance of any element in the network will also be rectibnear for 
any harmonic frequency, and so will give rise to circular variations 
in the harmonic voltages and currents throughout the network as 
well as in the fundamental In other w'Ords, the multiplication of 
circular variations in a network, due to rectilinear variation in the 
impedance or admittance of one elementj, applies not only to the 
fundamental frequency, but also to any superposed frequencies. 

Summary, 

1. Experimental results obtained with a new type of a.-c. poten¬ 
tiometer are discussed. 

2. The circular graphs of current and admittance are analyzed, 
for the case of a simple RLC circuit, at the successive constant fre¬ 
quencies of 5t}o, 1,000 and 2,010 cycles per second, when either R 
or C is varied alone. 

Bibliography l, p. 25 and z, VoL 1, Section 2820. 
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3. The circular graphs of current, admittance, voltage and im* 
pedance are analyzed for the case of a divided circuity operated at 
constant e.mT, and frequency, ITie problem of composition and 
resolution of component and main circular graphs h discussed in 
the light of the experimental results. 

4. The distribution of potential over a sectional high-rcsistance 
box: is explored, at an impressed frequency of 2,010 cycles per 
second. 

5. The circular graph of reeeiving-end current is given for the 
case of an artificial telephone cable operated at constant voltage, 
and at the frequency of 1,208 cycles per second, when the receiver 
has variable purely reactive impedance. 

6. Certain general propositions are offered concerning the deveT 
opment of vector circular loci in the voltage, current, impedance and 
admittance of an alternating current network in any steady state. 
These propositions are shown to be connected with the equivalent T 
or 11 of the network;, with respect to any two pairs of selected 
terminals. 
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SOME SCIENTIFIC ASPECTS OF THE ^lETEOROLOG- 
ICAL WORK OF THE UNITED STATES 

By ROBERT A. MILLTKAX^ Pii.D^ Sc.D. 

(Read April 26^ 

There is no ipore interesting Illustration of the application of 
new sdentific methods to warfare than is flimited by the develop¬ 
ments in meteorology during the great war. Prior to 1914 a me¬ 
teorological section was not considered a necessary part of the mili¬ 
tary service. No corrections had ever been made by the artillery 
of any army for any save surface winds. Firing by the map was 
^ almost unknown* No Sound-ranging Service, no Air Service and 
no Anti-aircraft artillery had ever existed to demand aerological 
data. 

.^.t the time of the signing of the armistice on the western front 
the Air Service and all the artillery were being furnished every two 
hours with the temperature, density^ wind-speed and direction, 
taken at this surface and at various altitudes, from too to 500 nieters 
apart, up to 5,000 meters. Further, tables were prepared from 
wrhich each battery‘could obtain the correction suited to its trajectory 
for the so-called ballistic wind. This is, the average wind for the 
trajectory^ weighted for the density of the air at the elevations trav¬ 
ersed. Even machine guns when used for barrage work made use 
of these ballistic-wind tables. 

In addition, daily forecasts were furnished to the armies in ac¬ 
cordance with the following outline i 
A. Character of weather for each arm of the service. 

J 5 , Winds: Surface at 2,000 m., at 5,000 m. 

C Qoudiness including fog and hare* 

ZJ. Height of cloud* 

H* Visihility. 

F, Rain and snow. 

C. Temperature^ 
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H, Warning of weather conditions favorabk for use of gas by 
enemy. 

K. Probable accuracy or odds in favor of forecast. 

Most of the aerologtcal data was obtained from theodolite ob¬ 
servations on pilot balloons. The extent to which our knowledge 
of the upper air has beetle and is being, extended by this pilot bal¬ 
loon work may be seen from the fact that before the war there 
existed but one station in the United States where pilot balloon 
explorations were regularly carried on. Within a year of the in¬ 
ception of the meteorological service in the United States Army, 
thirty-seven complete stations for the obtaining of both surface and 
upper air data in aid of aviation and the artillery had been estab- 
bsbed in the United States and equipped with special aircraft theo¬ 
dolites and pilot balloons, neither of which had ever been produced 
before in lhi,s country* Further* twenty such stations had been 
established by our forces abroad. For the manning of this service, 
about five hundred specially selected men had been trained in this 
country* and three hundred and fourteen of them sent abroad, while 
about two hundred w’erd held for work in the United States. 

The scientific interest in this sen-^ice cetilers about four distinct; 
problems: 

1. The extension of our knowledge of the law of motion of pilot 
balloons. 

2. The procurement of data and the development of methods 
for the preparation of artillery range tables. 

3. The development of long range propaganda balloons. 

4. The charting of the upper air in the United States and over¬ 
seas In aid of aviation* 

]. Th€ Extension of 0«r Knoivledge of the Law of Motion of 
FUot BoUoons .—-Prior to the development of the meteorological 
service of the army there had been made in the United States per¬ 
haps one hundred pilot balloon flights in wblch the balloons had 
been followed by the two-theodolite method—the only method which 
permits of real accuracy—and in several European countries there 
had been a somewhat greater number* but the data was incomplete 
and fragmentary* 

Within the past year approximately five thousand such observa- 
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tions have been taken by the meteorological service of the Signal 
Corps. From these observations the altitude of the balloon is deter¬ 
mined with great accuracy by triangulatiotip the base line being 
usually a mile or more in length. The balloon is kept in sight up to 
distances as great a$ &ixty mileSp and up to heights as great as 32,000 



Cfiiforni r^lc of ;i5>ccnt of pitot balloon up. to 4*5^^ meiers. 


meterSp or approximately twenty miles^ For the practical nsc$ of 
the artillery and the air service^ observations need not be carried 
higher than 10,000 meters (six miles), which is the extreme height 
to which airplanes have thus far ascendedt or to tvhich projectiles 
usually go. 

In view of the number of ^^riables which enter into the rate of 
ascent of pilot balloons, such as the changing density and the chang- 
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mg temperature of the surrounding air, the changing size of the 
balloon and consequent changing tension of the rubber en%*elopep the 
changing temperature of its interior because of the absorption of 
the sun's rays, the diffusion of hydrogen through its walls, etc,, it 
is one of the most striking facts to be found anywhere in the annals 



Uniform rale of ascent of pilot balloon up to 10,000 meters. 

of empirical science that these balloons rise to great heights without 
deviating appreciably from the simplest pos$ihle law of ascent, 
namely, that of constant speed. Graphs Nos. i, a, 3 , 4 and 5 show 
beautiful examples of this constancy. Graph No. 6 shows a kink 
at about 5,500 meters, which is presumably due to a descending 
current struck at that altitude. Graph No. 7 shows a balloon fol¬ 
lowed to a height of ^0,000 meters where it apparently developed a 
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leak and failed to ascetid further. Graph Xo. 8 shows the fluctua¬ 
tions w^hidi are often found at low aitittideSp these fluctuations bein^ 
undoubtedly due to ascending and descending currents. 



The extreme constancy in the rate of ascent, shown in a great 
majority of flights, although surprising enough, is not as inexplicable 
as it at first appears^ for since the pressure within the balloon due 
to the tension of the rubber itself is only from five to eight centi¬ 
meters of water* and since this pressure is at sea level less than i 
per cent, of the pressure of the atmosphere^ it will be seen that the 
balloon will expand practically freely, that is* as though the walls 
did not constrain it at all up to heights pf say lo.ooo meters where 
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the pressure is about a third of an atmosphere. This means that 
the ascensional force must be entirely independent of temperatUFC 
and pressure.^ For the speeds with which these balloons ascend, 
namely^ about three meters a second^ the resistance to motion must 
be directly proportional to the density of the air and experiment 



Uniform rate of ascmc of pilot bahoon tip to &,ocxj meleri. 

shows ft to be nearly proportional to the cross section of the balIoon.p 
that is+ to the sc[uare of the radius. This makes the resistance vary 

* For if ds, represent force, density, volume, pressure 

and temperature at the surface of the earth, and the correspond¬ 
ing quantities at any given elevation, then since d^/d, = vi/vt^ (i) 

and ( 2 ) there results from a combmatlaii of i and 2, 

/i//i ™ pjii/piii X pds/pi^i^ I- 
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AS the cube root of the densityi* which means that at a height of 
6,000 meters, where the density is about one half, the resistance is 
.83, of what it would be at the surface. If, as is approximately true 
for these speeds, the resistance varies as the square of the velocity. 



Uniform raie of ascent of pilot balloon up to It,000 metofs. 


or the velocity as the square root of the resistance, this would mean 
that the velocity should vary as the sixth root of the density. In 


3 For if JSi is the resistaniM at the earth's surface and Rz that at any 
given altitude, 

R, 




di\i 


which is seen from (l) to equal 
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other words, since the sixth root of 2 h 1.13, at a height of 6,000 
nieterSp the velocity should be about 13 per cent, greater than at the 
surface. Such an increase in velocity would be ver>' easily observ¬ 
able in the experimental data. The fact that it is not found there 



Pilot balboti a:5Cent showing isolated conveetloTi current, 

is due to the wholly fortuitous circumstance that the slow diffusion 
of hydrogen through the walls, as observation by Blair and Sherry 
has shown, is just sufficient, with the bailcKcms here used, to retard 
the ascensional rate enough to make it quite exactly constant. 

This makes it possible, provided one could always duplicate the 
size and weight of his balloon, to obtain a very exact determination 
of wind velocity and direction by a one-theodolitc method, the 
height being always known from the time and the known rate of 
ascent. 
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When, however, the .weight and inRation of the balloons are 
varied, as they must be in practice, since the balloons vary in weight 
from twenty to thirty'five grams, and since it is convenient also to 
vary the filling according as low altitude or high altitude wind-data 



Uniform rate of ascent of pilot lialloon up to ^,000 meters where bialloOti 

sprung a leak. 

are desired, it is found that no accurate formula can be found for 
computing tbe speed in terms of the ascensional force, the weight 
to be lifted, and a single invariable constant. For approximate 
work, however, the one-theodolite method, because of its conve¬ 
nience and because of the impracticability of measuring an accurate 
base line at the front, is much In use, and one of the advances made 
in the meteorologtcal Avork of the army during the past year has 
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consisted in developing with the aid of the large amount of data 
available, a general formula for the rate of ascent In tenns of the 
ascensional force and the weight to be lifted, which though far 
from accurate Is more reliable than that which has heretofore been 
used. The formula heretofore used is that of Dine*s, namely. 



in which V represents the rate of ascent in meters per minute^ f is 
the free lift, or the weight of the displaced air less the weight of the 
balloon and contained hydrogen, L is the weight of the balloon plus 
the free lift and K is a constant. 

The formula as modified by the observers of the Signal Corps is 
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V = 



This formula is found to fit the observational data within the ranges 
med in the Signal Corps work to an accuracy of somevchat less than 
10 per cent., which is sufficient for most w ork at the front. 

2. Met^<frohgy m the Aid of the ArtiUery, —In fomier times 
when guns did not shoot to a greater distance than eight or ten 
miles, it was usually possible to observe where the projectile hit and 
to correct errors by spotting.” This made unnecessary the cor¬ 
rection of*the trajectory for the infiuence of the wind and the chang¬ 
ing density of tlie air with increasing altitude. In the present war, 
how ever^ guns have been built to shoot much farther and in addition 
camouflage has prevented the visual location of guns even at the 
old ranges. Hostile batteries have been located in many instances 
solely by the new^ art of sound-ranging which has itself demanded 
for the high accuracy attained aerological data. The onsw'ering 
battery has been obliged to fire w'holly by the map, so that it is 
obvious that it has become necessary to make careful allowances 
both for the density of the air and the direction and speed of the 
wdnd at various altitudes. Some of the modem projectiles remain 
in the air as long as seventy Seconds and a moderate wind blowing 
across the path of such a projectile might easily cause it to drop 
half a mile away from the point at which it would strike if fired in 
still air. The wind-direttion and speed at various altitudes have 
been obtained, as already indicated by pilot balloonSp w'hile the tem¬ 
perature has been determined at the proving grounds by sending 
self-recording instruments aloft in specially constructed box-kites, 
as w^ell as by sending self-recording instruments and meteorological 
observers aloft in airplanes. It has been with the aid of observa¬ 
tions of this sort that the new range tables for the Ordnance De¬ 
partment of the United States .Army have been constructed. The 
importance of this w^ork may be understood when it is considered 
that these range tables will be used in connection with the firing of 
all guns, and errors in them would produce errors in the range of 
every gun fired with their aid, 

J, The Dez^eloptutui of Long Range Propaganda Balloons. —In 
view of the fact that above an altitude of lO.ooo feet 95 per cent, of 
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the Winds both over western Europe and over the United Stales 
blow' from wTSt tO east (L^.j have a westerly component)» Captain 
Sherry in 1917 suggested the development of a large program for 
the estenston of the use of pilot balloons for the purpose of flooding 
the whole of Germany and Austria wnth propaganda dropped from 
such balloons. The project was submitted to the meteorologicai 
and military agencies in France and pronounced infeasiblep chiefly 
because the rapid diffusion of hydrt^en through rubber had hereto¬ 
fore rendered it impossible to obtain pilot balloon flights of more 
than about too miles. Undiscouraged, however, by these reports. 
Mr. W. J, Lester, Dr. S. R. Williams and Sergeant Redman attacked 
the problem of extending the range of pilot balloon flights by de¬ 
veloping an automatic ballast-control and by reducing the diffusion 
by means of a special dope. 

The automatic control was ingeniously simple^ its essential fea¬ 
ture being a belly band wbicb kept the girth oF the balloon constant 
{at a diameter of four feet) through the discharge, in the act of 
shrinking, of a few drops of kerosene, thus causing reascension and 
consequent expansion. 

With this device the balloon not only does not fall but rises very 
gradually to higher and higher levels until its balbst of kerosene 
or alcohol is exhausted. 

In the week beginning October 3, 1918. sixty such balloons^ ad¬ 
justed to fly between the initial and final altitudes of 15,000 and 
55.000 feet respectively were sent up from Fort Omaha, K^ebraska. 
cariy^ing return cards and watches, w^hich were arranged to stop and 
he let down on small parachutes as soon as the ballast was ex¬ 
hausted, Thirty-four out of sixty of these balloons were picked 
up and returned to Washington- Instead of flying 100 miles^ one 
of them came down within ten miles of Netv York, ijoo miles 
from Fort Omaha, another was returned from Virginia, 930 miles 
from its starting point, and the rest were scattered over Ohio, Ken¬ 
tucky, IllinoiSj Wisconsin and Iowa. Not one went west of Omaha 
though the balloons were sent up on days on which different surface 
conditions prevailed. 

The credit for this achievenientp the significance of which will 
be discussed later* is due primarily to Mr. Lester, Captain Sherry, 


OF THE UNITED STATES ARMY. 


M5 


Dr. Williams and S^r^-eant Redmati. At the time of the signing of 
the armistice the Military Intelligence Service was preparing for 
the e3s:tensive use of these balloons for flooding the w^hoie of Ger¬ 
many, Austria and even parts of Russia wdth suitable leafletSp sev¬ 
eral hundred of which could have been scattered by a single balloon* 
the total cost of which would have been but two or three dollars. 

TABLE t 

War Departjiekt, SrcN'AL U* S. Army, Meteo^hjogical Service. 

Station EllendalCr N. D, (goth Meridfaji TLcne.) 
iFifl-d Ahfi Rtpi>rK 


Time y :tKi A.M. Dale November 13 , 1918. 


Altirudf, 

Dbedi™, 

C'lrftipflillf'- 

VeI<Md'c]f, 

M. P. Hr 

Kcnurkti. 

AJlitbdr, 

ITineCtleft, 

Canpua. 

VefcKi^, ] 

M, p. a. 

d 

sw 

29 


5.IS9 

X^" 

' 57 

aja 

s 

n 


5.599 

NW 

60 

^CHI 

8W 

10 


5-750 

NW 

59 

7gc 

SW 

15 


6,000 

WXTiV 


1,000 

W 

*5 


6,350 

NW 


1,350 

W 

16 


6,500 

KW 

65 

IrSOd 

WKW 

IS 


6,750 

KW 

66 ! 

1.759 

W.™" 

19 


7.990 

NW 

74 

3.0041 

wmv 

11 


7^250 

NW 

77 ! 

1,350 

WNW 

35 


7.S90 

NW 

85 

1.599 

\VK\X 

17 


7.750 

NW 

65 

1.759 

WNW 

34 


6,000 

N’W 

73 

3i™j 

WNW 

35 


6,350 

j NW 


3.159 

x\W 

35 


6,SdO 

NW 

69 

3.590 

XIV 

40 


8.759 

KW 

75 

3iTS9 

XIV 

41 


9r900 

KW* 

73 

4,DOO 

NW 

41 


9.359 

WxVW 

74 i 

4.159 

XTV 

47 


9.599 

WKW 

66 

4+590 

KW 

53 


9.7S9 

WNW 

65 

4+TSO 

NW 

56 


10,000 

WKW 

78 

5+900 

XW 

54 


10,3^0 

NW 



4^ The C/wrfiJi^ of the Upper Air in Aid of Ai^isHon. —In a 
recent Brisbane editorial the following sentence occurs: Flying 
machines of the future going long distances will travel at least 
32,000 feet up, where no wind bloAVS except the gentle eastern wind 
caused by the earth's motion on its a.^is.^'^ It is quite likely that the 
future aviator will fly high, but his motive will be to find an air 
current* not to escape one. The gentleness of the zephyrs existing 
at high altitudes may be seen from tables r. 2,3* 4 and 5 which record 
three sets of pilot balloon observ'ations recently taken by the Signal 

RROC. AHEB. PHII,- J?OC,. VOU LVITf. J. JULY Tl^ 19*9+ 















146 iflLLl fC\N—ilETEOROLOGICAL WORK 

Corps. These tables show air currents increasing in intensity with 
increasing altitude and approaching the huge speed of loo miles 
per hour. Such speeds are perhaps exceprional but not at all un- 

TABLE IL 

WaK DlFAftTMESar, SlGitAL COflfS, U. S. AkUV^ MeTEjOHOLCiGECaL S^VlCJv, 
Station Groesbcck, Texas. (OOth Meridian Time,) 
tVind Ahfi Report. 


Time 7'00 A.M. Date November i, 1918. 


Alilnadt. 

Directi ofl. 

VdorftT. 

M. P. E. 

Rrtiar'kl-. 

AUkiMlt. 

Mctcra. 

DireCtirTti, 

CiQHipUft, 

VrlDcire, 

M. p, ik. 


0 

E 

9 


6 . 75 * 

WNW 

^5 


3 S 0 

ESE 

16 


7.6*6 

W'NW i 

19 


500 

ESE 

13 


7.SS6 

W 

s. 


75 c 

ESE 

3 


7 p 5 oO 

W 

za 


1.000 

wsw 

5 


7.7^6 

W 

6 


1,350 

WNW 

11 


S.OOD 

WSW 

4 


1.5&0 

WNVV 

IS 


S.35« 

W^V 

16 


i,? 5 * 

WNW 

aj 


s.s** 

WNW 

20 


a ,040 

NW 

as 


a.756 

w 

22 


a. 35* 

NW 

3d 


0.604 

wsw 

30 



WKW 

2d 


9.350 

wsw 

30 


ays* 

NW 



e. 5*6 

wsw 

33 


J.o*c> 

NNW 

3 [ 


^p 750 

w_sw 

3 S 


3 . as* 

N 

iS 


10,DOD 

w 

29 


3^5** 

xxw 

ao 


10,350 

\y 

47 


3 h 7 S* 

NW 

as 


10,500 

w 

56 


4hDoo 

NN"^V 

20 


10,750 

w\^v 

$9 


4.35* 

NW' 1 

30 


] E,OOD 

wxw 

B 1 


4 ^S 0 O 

N^V 

31 


11.as* 

w 

44 


^.7S* 

N\V 

30 


iirSoo 

w 

39 


S.QOO 

W'NW' 

16 


11.75* 

w 

41 


S.3S* 

WNW 

IS 


13.0W 

w 

47 


S. 5 OO 

WNW' 

35 


13.350 

w 

31 


SrTS* 

WNW 

35 


13.500 

w 

56 


6,000 

wxw 

3» 


13.75* 

w 

59 


6 ra 50 

WNW 

JS 


11.000 

w 

60 


6.500 

WNW 

36 

1 

11.250 

\v 

64 



known. The pilot balloon mentioned in 3 travelled from Omaha 
to Virginia at an aviroge speed of thirty miles per hour, the average 
height being iB.ooo feet. On November 6, 191S, at Chattanooga, 
Tennessee, a velocity of 154 miles an hour at an altitude of 2S.000 
feet was observed by one of the meteorological units of the Signal 
Corps. 

These facts bring out the importance of a forecast of such cur¬ 
rents for the purposes of long flights. A flier aided by such a wind 
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TABLE m, 

Wak DspaRtmenTh Signal Cdhps, S- Army, MmovoioCicAL Serucl 
Station ElltndaJe^ D, (^otli Mcridbn Timfl.) 

J Ataft J?f^or^. 


Time S;a6 ArM. Dale Dcccrnb«r s, igifi. 


r«f*ta-tL 

ColBpui^ 

Vri&dlij^ 

ir. p, H. 


AJdtatfe, 

Mrl^n. 

JlIttcnL. 

M. P, H. 


0 

NW 

19 


1,75& 

NW 

64 


350 

NW 

47 


j.exHS 

WNW 

6 S 


soo 

NW 

49 


J .150 1 

VYNW 

&i 


750 

W 

57 



WTV'W 

&7 


t.DGfi 1 

NW 

4^ 


3^75* 

WNW 

9^ 



wxw 

4^ 


JhWM 


93 


i.SM 

tVNW 

3C^ 







TASLE IV. 

War DepaItmekt, Signal Corps, U, S- Army, MmcajorujCicAL See^'ice. 
Station Mineola, L. L (jgtii Meridian Time,) 

IVind Atofi Report^ 


Time 7 !o6 A.M, Date September 7, 1918. 


AJcinule, 

ifflWl. 

DinTi^tkiiD. 

C4H!}MIU. 

VcOoqStj, 

M.P, U. 

RfBuAf. 

AluiliLdic, 

JXixcdop. 

Vdfldw, 

M. p, a. 

UtmurkK 

0 

N 

IS 


3.999 

SW 

as 


350 

N 

SI 


3p33C 

SW 

17 


500 

N 

6s 


7,SOO 


61 


759 

N 

39 


1 , 7^0 

SW 

ss 


1,900 

W 

3? 


3.Mm 

SW 

S4 , 



W 

30 1 


3^250 

SW 

ss 


1,3^00 

w 

IT 


3.5™ 

s^v 

$1 


i.rso 

Vk'SW 

la 1 







as that last mentioned would move tow^ard his objective 2 X i54h 
or 30S miles an hour more rapidly than if lie were opposed by it. 
When it is recalled that the aviator above the clouds has no means 
of knowing anything about the motion of the air in which he flies* 
it will he seen that it is of the greatest importance Co him to know 
the nature of the currents at different levels. Table 4 furnishes a 
very typical illustration of this importance. 

From the above data it is evident that an aviator flying toward 
the w'est at this time and place should have flown at an altitude of 
1,000 meters^ vrhile an aviator flying tow^ard the east should have 
flown at an altitude of 4,000 meters or more. 
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TABLE V. 

War DffAKTMENT^ Signal CorfSk U, S, ABstv, M^teohoukecal SEavtcE, 
Station Fort Ogltthorpe, Ga. (9CHth Ifcndjan Time.) 

JFtnd Alofi Report. 


Time 7 :^ A*M. Date November 29, ipiS. 


AJuliulc, 

UirefliDB,. 

C^tspuft. 

M, H. 

EtmifJt*. 

AEtiEridc, 

UcEcn. 

CcwipjMi- 

VriBckjr. 

M, P, ft. 

1 Rcmiitki. 

0 

KW 



i.TSa 

W 

36 


350 

KW 

e 


a.oDfl 

\V 

41 


SOQ 

KW 

11 



W 

4 ^ 1 


TSO 

WNW 

19 


3.50P 

wsw 

47 1 


JiOW 

W 

39 


3 r 750 

ws%v 

5 * 1 


1.2SO 

W 

14 


3 .(K» 

WSW 



T.SOO 

W 

3 ^ 


3.2 SO 

wsw 

^ ' 



AliiTi 44 c In 
Mdqt*. 

Surface.. 
500.... 

1 ,OOD..* 

T-ABLE VL 

Wbd Dir«c. 

tbOD. 

. NW 

............. E 

E 

W^iiwE Vdadtj Jd 
MEk* pif K<Mtr. 

. S.8 

_........ 3 

2>XK>, . *. 

.. KE .... 


3p00Ci..,. 

.. W .... 


4/KJO - 

.. lav 


12,000.... 

............. NW .... 



Id order to meet the obvious need of the aviator for a knowledge 
of upper air currents the Signal Corps in the summer of 1917 under¬ 
took for the first time in history a general program of mapping the 
upper air currents of the United States, the Atlantic and western 
Europe in aid of aviation and particularly with reference to trans- 
Atlantic flight. By the fall of 1918 tiventy-six upper air stations, 
carefully distributed over the United States, tvere tn full operation 
in place of the one station which has existed before the war. From 
these stations reports are telegraphed twice daily to the Weather 
Bureau in Washington. From the pilot balloon observations charts 
are constructed showing the wind speed and direction at the vari¬ 
ous levels: for instance, one chart shows the wind direction and 
speed near the ground, another chart shows the wind direction 
and speed 500 meters above the ground and additional charts 
show the wind direction and speed at the folloiving levels: 1,000, 
1,500, 2,000, 3,000 and 4,000 meters above the ground. The fore- 
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caster at VVashiiigton has the various charts before him showing 
wind and weather conditions prevailing over the United States 
w'ithin an hour and a half after the observ^ations are made. From 
these charts he prepares the forecast of weather conditions for the 
various sections of the United States and at the same time prepares 
a statement of the wind and weather conditions at various altitudes 
along the various air routes for the use of aerial navigation. 'This 
service is already being used by the aerial matt serv ice^ and it is also- 
used by the military flyerSp as is evidenced by telegraphic requests 
received at various military meteorological stations for special re^ 
ports on Ehe weather and wind conditions when long distance flights 
are contemplated. 

The problem of exploring the upper air currents over the At¬ 
lantic was at first thought insoluble on account of the absence of 
fixed basesp but the success of the Meteorolc^cal Service in devel¬ 
oping its long-range propaganda balloons has now made possible 
the mapping of the upper-air highways across the AtlantiCp for ar¬ 
rangements are being made to send up both from coastal stations 
and from trans-Atlantic steamers these long-range balloons designed 
now for from two to three thousand mile flights* and adjusted to 
maintain a constant altitude and to drop In western Europe their 
records of average wdnds in these heretofore unchartable regions. 
The importance of this work for the future of aviation needs no 
emphasis. 

The success which the Meteorological Service has attained would 
have been wholly impossible had it not been for the intimate and 
efFective cooperation which has been extended to it in all of its 
prOijectsby Director Marvin and the whole staff of the United States 
Weather Bureau. The chief credit for the work abroad should 
go to Major William R. Blair, commissioned from the Weather 
Bureau for the observational work with the A. E, F* For the 
success of the service in this country Captain Sherry and Lieutenant 
Waterman have perhaps the chief responsibility. Captain Murphy 
and Professor Fassig havep howeverp contributed very important 
elements. 

UNTVEasmr or CttfCA-co, 

AprH, igi9* 


DETECTING OCEAN CURRENTS BY OBSERVING THEIR 
HYDROGEN-ION CONCENTRATION, 


By ALFRED GOLDSBOROUGH MAYOR. 
iRe^d Aprii Jplp.) 

ObservaTJOSS. 

The surface water of the middle regions of the Tropical Pacific 
commonly flows in a westerly direction due to the effect of the trade 
winds, and this water is strongly alkaline, its hydrogen-ion concen¬ 
tration being about 8.22 PH, or 0,602 X io'\ Occasionally, how¬ 
ever. in the Tropical Pacific one finds a region wherein the surface 
w'ater is temporarily flow'ing toward the east and thus counter to 
the trend of the usual current and of the trade winds. I find that 
this easterly moving water is commonly less alkaline than is that 
of the general region in which it occurs. Thus while the water 
moving toward the west is about 8,22 PH these easterly counter 
currents are 8.1 to 8.18 PH, or 0.83 X lO'* to 0.66 X io‘*- 

The, tension of the carbon dioxide of the great westerly-currciit 
appears to about the same as that of the air above the sea ranging 
in our tests from z.75 to 3.25 ten thousandths of an atmosphere, 
whereas the water which is moving in an easterly direction is more 
strongly changed %vith free CO,, its tension ranging from 345 to 
above four ten thousandths of an atmosphere. Moreover, this east¬ 
erly moving water is slightly colder than that of the general region 
in which it occurs and Professor L. R. Cary found its oxygen con¬ 
tent was higher than normal- Thus it seems that these counter 
currents are caused by deep water which has temporarily appeared 
upon the surface either by welling upward or through a local dis¬ 
placement of the westerly-moving surface layer. 

This suggests that eddies may be set up due to the gusty' nature 
of the trade winds, as shown in Fig. 1. Every' " puff” pushes some 
water ahead of it and leaves a hollow in its wake w'hich must be 
filled u|3 to the general lea-el by deeper water rising to the surface, 
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and this deeper water is in turn replaced by the water which has 
been temporarily heaped up in frqnt of the gust. There is nothing 
to prevent an nnder-watcr counter current, whereas in order to fill 
the hollow by surface vv^ter the current would have to move against 
the prevailing w ind as at a, Fig. i; and the friction between air and 



Fig. 1. 


tvaier is much greater than that between water particle and \vater 
particle. Despite this process of local adjustment, however, the 
westerly trend of the surface current tends to raise the general ocean 
level in the w^cstem regions of the Tropical Atlantic and Pacific^ and 
this is counterbalanced by the great oceanic surface eddies of w^hkh 
the Gulf Stream and the Japan Current are well known examples. 
The general up-w^clling of deep water in tropical regions has been 
know'n since the cruise of the ChaUeHger, 

Tims due to local causes, water from the depths of the Tropical 
Pacific sometimes comes to the surface in large quantity, and retains 
some of it$ easterly movement, even against the prevailing wind. 
Then upon being heated by the sun and mixing with the warm sur¬ 
face waters its capacity for retaining free CO^ is reduced, and its 
carbon dioxide passes out into the atmosphere. 

As is well knowm McEwen, igio, 1916, etc.^ has denionstrated 
from studies of salinity that great quantities of deep water are con¬ 
stantly welling up along the Pacific coast of America, and in con¬ 
firmation of this fact I find that the CO^ tension of the surface 
water along the Pacific coast of the United States is considerably 
higher than we w'ould expect from its low temperature, and much 
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above that of the VL^ter farther off the coast. Thus a PH of 7.85 
at 10.5® C., and COj tension of 5.4 ten thousandths of an atmos¬ 
phere were observed 54 nitles off Golden GatCp San Francisco, on 
May l, J917; and somewhat similar conditions were seen off Van¬ 
couver in Sepiemberp 191S. 

An up-welling of deep Avaler due to off shore winds has also been 
demonstrated by BigeloWp 1917, p, 241 ; along the coast of New Eiig^ 
land north of Cape Cod, but this effect is neither so marked nor so 
constant in the shallow water along our Atlantic seaboard as it is 
off the abrupt slope of the Pacific coast. Indeed Bigelow* 1915, 
1917, has shown that the cold water which drifts dotvn the Atlantic 
coast from Nova Scotia to Florida is chiefly derived from the Gulf 
of St. Lawrence and receives accessions from surface drainage and 
frorti rivers along its whole course. 

McOendonp 1917, 1918, showed that the CO^ tension of surface 
water at Tortugas and in the Gulf Streamp is on the average aboiu 
in balance wdth the atmosphere, 30 determinarion indicating that 
the pressure of carbon dioxide of the air ranges from 2.S to 3.5 ten- 
thonsandths of an atmosphere, w-hile that of the surface water of 
the Tortugas lagoon on the east side of Loggerhead Key ranged 
from 2J6 to 30 ten-thousandths of aii atmosphere^ and that of the 
Gulf Stream from Key West to Cape Hatteras was from 3.2 to 3.5, 
McClendon also found that photosynthesis by marine plants in sun¬ 
light is a very important factor in con trolling the hydrogen-ion con¬ 
centration of the water of shallow^ lagoons or tide pools where the 
bottom is covered with sea weed; for the plants reduce the CO3+ 
thus setting free oxygen and causing the water to become highly 
alkaline. For example, while the PH of the sea around the Tur- 
tugas Is about 8.22 that of the lagoon rose at times to 8.35 by day 
and sank to S.18 at nightp and the hot shallow^ lagoon of the Mar- 
queaas, Florida, had a PH of S46 accompanied by precipitation of 
calcium carbonate. McClendon was, however, unable to find anv 
apprcciable diurnal range in hydr(^en-ion concentration of the sur¬ 
face water in the open sea nor can I detect it from my studies in the 
Atlantic and Pacific, 

Also Wells, 191S, p. 4 shows that the w ater of the GuH of Mex¬ 
ico contains about 0.092 grams of COj per liter and its surface 


MAYOR—DETECTING OCEAN CURRENTS. 


153 


tension is thus bi balance with the atmospherej and I find that when 
nninftuenced by up-welling of unusual quantities of deep water the 
CO3 tension of the surface waters of the Tropical Atlantic and Pa¬ 
cific is also practically in balance with the atmosphere. 

Thus on the voyage of the S. S. Niagara, from Fiji to Honolulu* 
September 6 to 12^ 1918^ w e encountered only the prevailing westerly 
set unintemipted by any currents moving toward the east, and the 
average PH was about 8.22, the average lempemture 28"* C-^ and 
the COj lension of the water three ten-thousandths of an ainioS’- 
phere and thus practically the same as that of the air. When cold 
deep water wells upw^ard to the surface^ however^ a different con¬ 
dition ensues, for due to relief of pressure and increase in tem[Kra- 
ture this vi^ater must discharge its excess CO^ into- the atmosphere. 

Thus on the voyage of the S* S- Sojwma between Honolulu and 
Pago Pago. Samoa, June 25 to 50, ipiS, we at times met with strong 
currents set toward the east and the average PH was about 8.19 
and the CO- tension of the surface water 3.26, the average tempera¬ 
ture being 2^^ Cm as on the voyage of the Niagara. Similarly on 
the voyage of the S. S. from Pago Pago, Samoa, to Hono¬ 

lulu on April 19 to 25, 1917* w^e met with several strong sets to the 
eastward and the average PH was S.iy^the CO. tension 3.35 and the 
temperature 257^ C^ 

Henderson and Cohn, 1916, p. 6 ^1^ conclude from laboratory 
experiments that upon the w^hole in most places and at most seasons 
carbon dioxide must be escaping from the sea into the air, although 
they also state that the balance is doubtless restored by COg entering 
the water from the air In the polar regions, ITiese authors did not 
consider the effect of photosynthesis by marine plants w'hich Mc¬ 
Clendon afterivard showed to be such an important factor. A^’^ere it 
not for photosynthesis it is probable that large quantities of carbon 
dioxide ^vo^ld escape from the sea in the tropics^ but instead of this 
!McCkndon, Wells and I find that the warm waters ate practically 
in balance with the atmosphere- 

yty observations along the Atlantic coast betw'een Nova Scotia 
and Florida in December-March show also that the coastal current 
during these cold months has a CO. tension somew^hat below that 
of the atmosphere! and this may he due to the great concentration 
of plant life in these cold waters. 
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Thus according to my observations the averages for the shore 
current the salinity of which ranges from 30 to 33 grams in i,oqo 
grams of water, between Nova Scotia and northern Florida in win¬ 
ter are: Temperature 67* C,, salimiy 31.7, PH S.05 and CO* tension 
2.5 ten-thousandths of an atmosphere, while similar data for the 
Gulf Stream of salinity 36 at the same season between the Straits 
of Florida and Cape Hat terns arc: Temperature 22.3'' C, salinity 
36.35, PH 8.21, and CO. tension 277. Thus the cold shore water 
seems to be in a condition to absorb CO. from the air, while the 
warm Gulf Stream whalers are more nearly in balance ivith the at¬ 
mosphere. In summer when the shore current is warmed to about 
22® C^* its CO3 tension rises to he t|uite in balance wdih the atmos¬ 
phere, as is indicated by McClendon's Table VIL, p. 226, *918, 

It is well known from the escterisivc work of Blackman and 
Smith that photosynthesis about doubles in effect for 10" C. rise in 
lemperaturCp but due to the action of denitrifying organisms such 
as Drew’^'s Pseudomoitos cakis the tropl^l waters are deprived of 
nitrogen and can thus support only a meager plant life in compari¬ 
son with that of colder regions. Thus McClendon found less than 
0.01 mg.* of nitrogen per liter as nitrates and nitrites at Tortugas, 
Florida, w^hile Raben, 1910* found more than ten times these 
amounts in the North Sea; and as shown by McQendon the tropical 
ocean despite its high temperature can only eliminate a small part 
of its free CO_ by phoiosynthesis due to the scarcity of plant lifep 

Krog, 1904. calculated that if the average CO^ tension of the 
ocean is the same as that of the air (about 0.0003 atmosphere), it 
miisi contain twenty-seven times as much CO^ as the air. Thus if 
the ocean gave off one tenth of its COh to the air the carbon diox:idc 
tension of the sea would sink to O.0002 atmosphere. He found that 
the COa in the air of Disko Island* Greenland, ranged from 0 .0002^ 
to 0.007, being high with winds from the north and west, and low 
when the wind btew^ from the south and east The turbid sea water 
at Disko Island had a CO^ tension of O.oooi to O.00035, while the 
dear ivater in the same region had a tension of o.<X)035 to 0.0006 
atmospheres, thus apparently bdng lower than that of the surround¬ 
ing ain 

Also the CO. tension of the surface water belw'een Cape Fare- 
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wdl, southern Greenland and the Shetland Islands ^vas distincilf 
lower than that of the air. 

The average CO- tension of the air over the ocean seems to be 
about 0.000;295, this being the mean of 51 observations made by 
Thorpe 1 >etwceti Brasil and England. In 1917, however, using ap¬ 
paratus given to me by Professor McClendon, 1 tested the CO^ 
tension of the air over the Pacific between Samoa and San Fran¬ 
cisco, but there was apparently no relation betw-een the local CO^ 
tension of the air and that of the water under the air, this lack of 
coordination being due in all probability to the great mobility and 
rapid fluctuation in CO^ tension in the air as compared with that of 
the water It would apparently be necessary to obtain several thou¬ 
sand determinations of the CO^ tcnsioiii of air over the ocean taken 
at all seasons and in all w^eathers to determine its mean COj tension 
with accuracy, but the determinations that have been made indicate 
that it is not far different from that of the air over the land. IJy 
average for three voyages over the Tropical Pacific ht Tcniperature 
57.5®^ PH 8 .22, and CO^ tension 3.15 ten thousandths of an atmos¬ 
phere. Thus the tropical waters appear to have a CO; tension 
slightly above that of the atmosphere. 

We lack sufficient data for a definite statement as to whether 
CO; is on the w^hole passing from atr to sea or versa^ but the 
surmise may seem reasonable that a balance is maintained ; the ab¬ 
sorption of CO- from the air by the Polar Seaa being offset by ita 
l>assing out of the ocean over the wide area of the tropics, while the 
temperate regions stand in an intermediate relation:^ the water ab¬ 
sorbing COj during the winter and giving it out to the air during 
the summer. 

It may be of interest to compare our obseni^ations with those of 
Palitzsch, 1911, who was the first to apply Sorensen's tolorimetric 
methods to the study of the hydrogen-ion concentration of sea 
w'ater. 

Palitzsch used naphtholphthalein and phenolphthalein as indica¬ 
tors and tested the FH of the Black Sea, Sea of Marmora, Medi¬ 
terranean, Atlantic and North Sea in summer with the following 
results: 
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™ (surface ......__ 

Black Sea I, 

{deep water .. p ^, 
Sea of Marmora and Bosphorus ....... 

Easteni Mediterranean ______ p +. . 

Western MediEerraneati 

Coast of Portus®] ... . . 

Off ScoEland and Faroe Js. 

S.K part oi North Sea and Skagerak .. 


VH W* cf. 

.. 8.3:1 

. 7^5 

*...^ipp^, S.35 

.. . 8.27 

. .6122 

.,.,...., 8v2S 
......... 6Loii-&.22 

.. p .. _ , , ^ 8. “S'Oj 


Methods. 

The hydrogen-ion concentration of sea water w'as tested by the 
simple process of placing 04 c.c. of ^0 t>£ i per cent, thymolsulpho- 
nephthalein in a non-soluble gla&5 test tutie of 24 mm. caliber and 
adding 30 c,c. of the sea water to be tested. Highly alkaline sea 
water gives a bltie-grcen solution, while relatively acid water gives 
a gteenish-yellovv colofp Then by comparing this test tube with a 
series of sealed tubes of similar caliber containing mixtures of 
borax+boracic acid and sodium chloride of various known hydrogen- 
ion concentrations we can at once determine the concentration of 
our sample sea water with an error of not more than O.025 FH, 

McClendon^ Gault and Mulhollandr were the first to stand- 
ardizc sodium borate and horacic acid mixtures for use in measuring 
the hydrogen-ion concentration of sea water with ihymolsulpho- 
nephthaleln as^ an indicator. Their solution consists gf 0.075 
sodium borate {28,67 grams of Na.B^O. loH.O), and 19 grams of 
sodium chloridep dissolved in water so as to make up 1,000 c.c. of 
solution. The other solution consists of 0,3 m. boric acid (18.6 
grams of H^BO*) and 22.5 grams of sodium chloride dissolved in 
water so as to make up a liter of solution. Definite mixture,^ of 
these tw o solutions give correspondingly definite hydrogeo-ion con¬ 
centration. as is showm by McOendon, Gault and MuIhoUand, p. 44, 
1917. 

Professor McOendon kindly gave me a set of these tubes which 
I have used on voyages to test the hydrogen-ion concentration of 
the surface w^ater of the ocean. The readings of these tubes were 
compared with those of a Leed$ and Northrup potentiometer stand¬ 
ardized by the U. S. Bureau of Standards. McClendon thus tested 
their accuracy in ipty and [ repeated the process in April* 1919* 
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and found that the colors of the tubes, which had been carefully 
guarded from light when not In use, had not change in the interval. 

As is weQ known the unit of hydrogen-ion concentration is J 
normal hydrt^en-ion per liter of watep, or about i gram of hv'drogen- 
ion per liter. The purest distilled water contains only about i gram 
of hydrogen-ion in 10,000,000 liters of water at about £2* C., and 
thus its hydrogen-ion concentration is about 10^^. Sea water, how¬ 
ever, is alkaline and contains only about one tenth this concentra- 
tion of liydrogcti-ions, or as we say its hydrogen-ion concentration 
is about I O’*. 

In Order to avoid writing negative exponents Sorensen, I 9 ° 9 ' P- 
28, devised the symbol “ PH ” to indicate the negative logarithm of 
the hydrogen-ion concentration. Thus according to Sorensen’s sys¬ 
tem a normal hydrogen-ion concentration, or io'“ of H-ions per 
liter, is written PH o; a dectnormal H-iou concentration, or 10'^, 
is PH 1; while sea water with somewhat less than o.ooo.ooo.oi 
normal hydrogen-ion concentration is about lo'* normal and is des¬ 
ignated B PH. 

If for example a specimen of sea water had a hydrogen-ion con¬ 
centration of 


1 

1.622 X Id* 


= 0,616 X lo'^p 


we would call its PH 8,21 because 0.21 is the logarithm of 1,622, 
and 8 is the logarithm of 10* and 0.21 -|-8. = 8,21, 

McClendon's borax-boracic colorimetric tubes indicate the true 
PH of sea water containing 32 to 33 grams of total salts per i,ooo 
grams of sea water (salinity .32 per cent, to .33 cent,}, and the 

following table gives the correct ion which McClendon found must 
be applied in order to find the true PH of sea water of any other 


salinity: 

Salinity of Wmw in 

Gr*Bu TicrtiJ Saltf 
iner ijoon GniHii, of 

JO ... - 
31 ...... 

32^33 -• 

34 

35 —-■■■ 

36 

37 -- 


CorrutHMi 1^ be 14 ibe 

Rvadini of CalrrlsnMTk 
Tnbfl Eq Find lliiiTrUi PU 4f 
thv Se# 'WMKr- 


+ aqa 


+ a 


—aoi 


— 0.02 

— 0-03 
—'ao 4 
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The carbon dioxide tension of the sea water was calculated from 
the true PH and the temperature according to the ratio determined 
experimentally by IMcQendon, 1917, p. 36. ILcCiendon found that 
the PH of sea water normally declines .01 for C. decline in tem¬ 
perature. Thus if the PH is 8.:;2 at 28® it may be expected to be 
8.21 at 27"" C. I find this to be true under normal conditions, but i I 
the sea water is diluted with river water rich in COj or mingled 
with large amounts of up-welling water from the depths, this rela¬ 
tion may even be reversed. Thus in the Tropical Pacific I have 
observed a rise of 0.13 in the PH tvhilt the temperature sank 045® 
C. In general, however, under normal conditionSp McClendon*s 
rule holds good both for the Atlantic and the Pacific. 

The salinity of the sea water is expressed in grams of total salts 
per 1,000 grams of water, and was determined by titration with 
AgNOj, using ICCrO* as indicator, and standard sea water obtained 
from Professor Martin Knudsen for comparison, 

ITie thermometers read to C. and w^ere compared with a 
thermometer standardised by the U, S. Bureau of Standards. 

The currents were determined by the drift of the ship from her 
expected position. Naturally only a decided current could be de¬ 
tected by this crude method, but it was the only one available. The 
sea water was dipped up in a glass vessel from the stem of the vessel 
and tested at once for hydrogen-ion concentration and temperature^ 
and a sample was preserved for determination of salinity. Experi¬ 
ments show'ed that no contamination from the ship could be detected 
if the water were dipped up from the stern rather than from the 
bow% w^aste from the sides of the ship being forced away from the 
stem by the back wave of the wake. 

Su.M3.rARV. 

Through the simple process of pbeing a fe^v drops of the red 
dye thymobulphonephthalein in the bottom of a test tube and filling 
the tube tviih sea water we can determine its hydrogen-ion concen¬ 
tration. The more alkaline the water the more blue-green the color 
w hile relatively acid w ater gives a jellotvish-green color. 

In the Tropical Pacific the surface water drifting low^ard the 
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west is decidedly alkaline, about 8.23 PH, and its carbon dioxide 
tension is about 0,0003 atmospheres^ and thus about in balance with 
the aSr, Back set currents moving in an easterly direction are, how¬ 
ever, often encountered in the equatorial mid-Pacific especially in 
about 5'' north latitude. This water is somewhat cooler than that 
of the pre\'ailing westerly current, its carbon dioxide tension is de¬ 
cidedly acidp ranging from about 8.1 to 8.18 PH+ Thm it comes 
from depths wherein the water is at least from Xq 13^ colder 
than the temperature of the surface of the ocean pan d therefore from 
at least too to 200 fathoms beneath the surface (see chart Ko^ 19^ 
Narrative of Chailcn^er Expedition,” VoL i, part 2, p* 75®)^ 

The gusty character of the trade winds combined with the gen¬ 
eral up-welling of deep water in the equatorial region may be a 
primary cause of this easterly current w-hich consists of deep water 
that has come to the surface. 

My conclusions support those of ilcCIendon that the PH of isea 
water is dependent chiefiy upon the temperaturep and not upon the 
salinity of the water. A fall of 1® C in temperature normally cor¬ 
responds with a decline of about o.oi in the PH as found by Mc¬ 
Clendon, but this may be altered by local conditions^ such as dilution 
by relatively acid fresh waterp or by the coming to the surface of 
cool deep w'ater heavily charged with CO^ which It discharges into 
the atmosphere upon being heated. 

The cold shore current along the Atlantic coast of America be- 
tiveen Nova Scotia and Florida is relatively acid in comparison ivlth 
the Gtdf Siteam, being 7.9 to about 8.1 in winter, and Its carbon 
dioxide tension is lower than that of the air, due possibly to photo¬ 
synthesis maintained by its abundant plant life. It Is thus absorb* 
ing carbon dioxide from the air. Thus the colder surface whalers 
are absorbing carbon dioxide, while the tropical regions are probably 
setting it free into the atmosphere. 

The detection of the sudden and marked change from blue-green 
to yellow-green when one encounters an easterly set in the Tropical 
Pacific, or passes from a warm into a cold current, can be so easily 
made that this method may prove of value in navigation. 
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RECENT DISCOVERIES OF FOSSIL VERTEBRATES IN 
THE WEST INDIES AND THEIR BEARING ON THE 
ORIGIN OF THE ANTILLEAN FAUNA. 


By W. D. ilATTHEW. 

Aprii ^5. 

iNTJlODUCnOK. I^"TE^REST OF WF£T IkDIAN FoSSILS—ReV^EW OF 
Earlier Knowledge. 

Ten or twelve years ago almost nothing was known of the ex¬ 
tinct vertebrates of the West Indies, There was good reason to 
suppose that a considerable fauna had existed, and that if found it 
would be a very interesting one. One would expect to find peculiar 
insular types, different from the mainland faunas, and the affinities 
of the various types w'ould provide evidence as to former land con¬ 
nections and other interesting problems. The modem fauna of the 
islands has undoubtedly been greatly modified by man, both before 
and since ils seEtlement by vrbite men. Such mdigenous mammals 
as existed have mostly disappeared in consequence^ and with them 
many of the lower vertebrates and invertebrates. And many ani¬ 
mals have been introduced either by intention or by accident Co- 
pTQmySj Ftagwdontiu and two peculiar rodents and a 

very peculiar insectivore, are the only sur^Hving mammals tliat are 
certainly indigenous. The bw^er vertebrates are more numeroust 
but many of them also have been exterminated, and others intro¬ 
duced since man arrived on the islands. 

The climate and geolog>' of the islands limit the prospects of dis¬ 
covery of fossil land faunas to cave and stream or spring deposits 
of Pleistocene age. The underlying sedimentafy formations are 
practically all marine, chiefly Tertiary limestones and an older 
metamorphosed series which seem to be chiefly altered volcanic ma- 

PROC- AWBR- FHIX. SOCl., VOL, LVIU. IC, 1^, 1919- 
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terial. The freshwater and littoral sediments of continental areas 
are unknown in the West Indies, even in the larger islands (with 
one or two unimportant and doubtful exceptions) and it is from 
these that our fossil records of land animals are almost wholly 
derived. There was, and is, therefore, very little prospect of diS' 
covering remains of the Tertiary or pre-Tertiarj' land faunas of the 
West Indies. The possibilities are practically limited to the Pleis¬ 
tocene. 

Up to a few years ago two important discoveries had been made. 
One was the giant rodent Ambtyrhisa found in cave-breccia on the 
island of Anguilla, and described by Cope in 1869, The affinities of 
this animal, about the size of a capybara, have been disputed, Cope 
regarding it as allied to the South American chinchillas, w-hile J, A. 
Allen considered it as a relative of the extinct Castoroides or *'giant 
beaver ” of North America. Dr. Allen’s view, although mistaken, 
seems to have been more generally accepted. The other discovery 
was a ground-sloth jaw and some other remains found near Cien- 
fuegos in Cuba, and described by Dr, Leidy under tbe name of 
Megalonius^ as a near relative of the North American ground-sloth 
Megalotiyx. For reasons that I shall explain later the Cuban dis¬ 
covery was little known and more or less discredited in scientific 
discussion. The Aleffahcnns was supposed to be identical with 
AfegaloRyx, but many doubted whether the specimen really came 
from Cuba, Such as it was, the evidence from fossils seemed to 
point strongly to a land connection with North .America as late as 
the Pleistocene, extending at least as far as Anguilla. This no 
doubt played its part in the very prevalent belief in an Anfllleati 
continent, united with the greater continents to north and south of 
it, destroyed only in times geologically v*ery recent. 

The characters of the modem Antillean faunas were very diffi¬ 
cult to reconcile with this hypothesis. Their insular character is 
very marked, whatever theories might be entertained as to the origin 
of the various animals. And what was known of the geolc^- did 
not at all accord with the view that they were fragmented remnants 
of a great continent recently broken up. A diligent search for 
fossil remains and a more thorough and systematic study of the 
geology' was very much needed. 
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The Porto Rico Discoveries* 

With these and other consMeraticns in mindp the New York 
Academy of Sciences deesdcd in 1913 to undertake a systematic 
survey of the geolog^^ and natural history' of Porto Rico, in coopera¬ 
tion with the local government and with the American :Museuin of 
Natural History. ThL^ w'as very' ably conducted under direction of 
Dr. Britton. The geology was quite thoroughly investigated by 
Drs. Berkeyp Reeds and others and the reports afford a better 
knowledge and understanding of the geologic history of this island 
than we have of any of the others* The marine limestone yielded 
one interesting fossil mammalp a sirenian or sea-cow allied not to 
the manatees as one w ould expeetp but to the old-world dugongs. 

The most important find in the way of land animals w'as made 
in the course of investigations in a cave near Utuado^ vrhere human 
remains probably prehistoric w'ere unearthedp and beneath them re¬ 
mains of several kinds of extinct mammals. This stimulated further 
search of the numerous caves in the island, undertaken by Mr* 
Anthony for the American Museum of Natural History^ and the 
results of his very successful work have been published in a well* 
illustrated memoir issued last December. 

The fossil mammals include one insectivorej one edentate and a 
number of rodentSp all new^ and very peculiar typest widely different 
from any known animals; also a number of bats closely allied to the 
living bats still on the island. Most of this fauna h represented by 
well-preserved skulls and various bones of the skeleton. 

The Insect] vore Nesophmites is so distinct that it has to be placed 
in a family by itself. It has some distant affinities with the Sori- 
coidea {moles and shreivs), but is a very primitive tjpe^ and its 
nearest allies ajre perhaps to be found among the Eocene insectivora 
□f North America. There is no suggestion of relationship to Sok- 
»odon, the only other known insectivore of the West Indies^ nor to 
the extinct Nccrotc^lcs of South America, the only insectivore 
belonging to that continent. Like the Eocene msectivores it retains a 
great deal of the primitive tri-tubercular type of dentition which 
nearly all— If not all-—-the primitive mammals once possessed. 

The edentatCp Acraiocuiis, h not less interesting. The skull is 
superficially much like the two-toed tree sloth Cholirpus, with the 
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same type of tri^Tigular tusks and is of qtiitc moderate size* Its 
nearer afiinkies, however^ are with the great extinct ground sloths. 
It belongs to the same family as Afegalonyx of the North American 
Pleistocene^ but is not ver>' closely related to it* and is very much 
smaller and in some respects more primitive. Although thus related 
to a North American genus of ground sloths Acratoenus points to 
a South American origint for Alegahnyx is known to be an immi¬ 
grant type in the north, derived from South American ancestors in 
the Miocene, 

* The rodents all belong to the Hystricomorph or porcupine sec¬ 
tion of this order, which has its headquarters in South America. 

The largest of them, Eiasnwdontomys, is closely related to /fui- 
blyrhisa, the gigantic extinct rodent of the island of AnguilEa* 
Another smaller genus^ Hej^lax^don^ also belongs in this neighbor¬ 
hood, but is less closely related. These are put into the family 
Chinchillidae, but their nearest affinities are with the extinct Mega^ 
mys and Telrastylns of the Pliocene of Argentina, 

A second group of rodents^ Hcter<^psomys and Hofndpsomys^ is 
related, but rather distantly, either to the living agouti, Da^yprocta, 
or the spiny rats of South America; it has alsOt as will appear, some 
extinct relatives in Cuba and Hayti- 

A third extinct rodent from Porto Rko, Isoli^bodan^ is nearly 
related to Phgwdontiaj an extinct or almost extinct rodent o! Hayti^ 
and more distantly to the hutias (Capromys) still living in Cuba 
and Jamaica. Like the preceding group it b rather dbtantly related 
to any continental rodents; it is referred to the Octodontida?. 

That is the full extent of the mammal fauna of Porto Rico^ Its 
affinities are chiefly South Americanp but distant, pointing to long 
isolation. The near relationship to the extinct Anguillan rodent is 
significant The hank of siiallow water tvhicb extends eastward 
from Porto Rico includes the Virgin Islands ; and Anguilla with the 
adjoining islands also stands on a shallow bank of considerable 
extent, Vaughan has shown the probability of part or all of these 
hanks being above water in the Pleistocene, But between the Virgin 
Islands and the Anguilla group there is a narrow trench of ver\' 
deep w^tcr. Possibly this trench ts due to faulting of recent origin 
and the islands xvere connected in the Pliocene or Pleistocene, The 
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alternate h to suppose that Amhlyrhi^a i$ a gtgaiitic descendant of 
some small rodent that got drifted over the intervening sea barrier. 
Anguilla^ it mmi be remembered, is but a small remnant of an island 
of very considerable size, as indicated by the extent of the sur¬ 
rounding shallow bank. 

The Cuban Discoveries—Cieco Monteho—Casimba—Cave 
Fossils. Tii e Fauna —1 nsectivora—Edentata—R o« 

DE NTI A—RePTILI A. 

Ciego MotUero .—The first discovery of fossil mammals in Cuba 
was made in i860, in the early days of American palseontology. A 
lower jaw' was found in a warm spring at Ciego Montero, a few miles 
from CienfuegoSp with other fragmentary^ fossils^ This jaw was 
exhibited at the Paris ENposition in 1867^ and is nowj 1 believe, at 
Madrid. A drawing of it was sent to Joseph Letdy, who imme* 
diately recognized it as a relative of Megaionyx and named it Mega- 
locnus rodetis on account of the peculiar position of its tusks which 
simulated those of the rodents. In 1865^ 1S71 and 1875 De Castro 
published articles on extinct animals in Cuba;, in which he figured 
this jaw and also described supposed fossil remains of Equti^ and 
Hippopoi^nuiS^ and contended that these proved that Cuba had for¬ 
merly been a part of the North American continent. These asso 
ciates unfortunately tended to discredit the wrhole paper, especially 
the hippopotamus tusks. They did not appear to be very old, and 
were regarded as probably post-Columbian, The Megalocnus 
‘ was confused wfth the true Megatonyx and the suggestion was made 
that it was probably brought over from Central America. 

Carlos de la Torrep professor of zoology at the University of 
Havana, was. well aware that the Mcgaiocnits had really been found 
in the Ciego Montero spring, and from time to time, as his duties 
permitted, made further investigations to see if something more 
could not be found at this locality or elsewhere- He succeeded in 
finding a few additional specimens here and better nraterial at some 
other localities, and in 1910 published a notice of these discoveries. 
The specimens were exhibited by him at the International Congress 
at Stockholm and Gratz, and w^ere deposited at the American Mu¬ 
seum for further study and full publication in a memoir by de La 
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Torre and myself. The following year Hr. Barnum Brown, on 
Professor de La Torrens invitation and with his aid^ made a more 
thorough exploration of the Ciego Montero spring, and secured a 
large collection. In 1918 Mr. Brown completed the exploration of the 
deposits around the spring, securing much additional material. Pre¬ 
liminary notices of these collections have been published, the full 
descriptions being postponed until all the available material had been 
secured. The exploration of the deposit was a rather difficult 
matter as the spring is a powerful one and the water had to be 
pumped out and drained away by means of a gasoline pump, and 
the spring openings cemented up, before the deposit around it could 
be thoroughly explored. 

The Ciego Montero collections consist chiefly of bones of Mega- 
locnits and Crocodilas, plates of a giant tortoise and a terrapin, atid 
a few remains of other ground slothst of rodents, lizards and birds, 
and a good many bones of small amphibians. 

The Casimba .—Another importatit localiiy discovered by Dr. de 
La Torre was in the Sierra de JatibonicOp in the central part of the 
island, a fissure-spring at the bottom of a ravine where there was a 
considerable deposit with fossil bones. These correspond with the 
remains found at Ciego Montero, except that the smaller ground 
sloths were relatively more common. The material 15 equally well 
preserved, but not nearly so much of it This locality has also been 
worked ouL 

A number of similar fissure springs w ere examined by Dr. de La 
Torre and a few fragmentary fossils secured, but nothing of impor¬ 
tance. Probably deposits of this character may be discovered in 
other parts of the island, and some further discoveries may be made 
in this way+ 

Cazre Deposits and Kitdien Middeiis.—ThtT^ are also many caves 
in the limestone formations of Cuba, in all parts of the island. A 
considerable proportion of these contain guano or similar phos- 
phatic deposits which have for many years been dug out and used 
for fertilizer. A few^ of them have recently been explored for fos¬ 
sils, and some very^ interesting material secured. The old Indian 
kitchen- ituddenSp sorne in the caves, some elsewhere, have been 
more or less exploited for prehistoric human remains by the anlhro- 
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pologistSj and incidental to thb work a few remains of extinct ani¬ 
mals have been secured and described by Br* Gerrit S. Miller^ of 
Washington. Dr Glover M, Alien has also published a note on 
some interesting ca^^e fossils secured by Dr. Thomas Barbour The 
largest cave collection yet secured was made by Mr Barnuni Brown 
last winter in a deposit discovered by Dr Barbour and explored by 
us on his invitation. 

These cave faunas consist chiefly of the remains of the small 
animals^ rodents, insectivores^ bats, ctc.j. which arc rare in the spring 
faunas. Remains of the ground sloths are rare, but they do occur. 

Quite recently Mr. Harrington^ in exploring certain caves at the 
far eastern end of the island for the Afuseum of the American In¬ 
dian, secured some remains of extinct animals that warrant further 
search. They were chiefly M^^gaiocnuS:, showing that this animal 
ranged through the whole of Cuba in the Pleistocene. 

The fauna of these cave and spring deposits is a very interesting 
one. Fortunately the two supplement each other, so as to give a 
pretty full representation both of the large and of the small animals. 
Each consists of many hundreds of jaw s, wuth a proportionate num¬ 
ber of other bones. It is fair to conclude that it gives us a pretty 
good line on the characteristic mammals of the Cuban Pleistocene, 
Further discoveries may bring other animals to lights but as the 
same types recur in each deposit, common in one, rare in another, 
it does not seem Likely that they ivili make any great additions to 
the fauna save through genus—and species—splitting, analogous to 
w'hat has been going on among modem mammals for the last few 
decades. For obvious reasons it is better for paleontologists to be 
conservative in this respect—even at the risk of being stigmatized 
as “ lumpers,” 

Iftseciivora .—‘The existing has not been found fossil. 

This is not suqirising, as it is very rare now, and may have been 
rare during the Pleistocene. The extinct of Porto 

Rico is represented in Cuba by a much smaller species distinct in 
various particulars. It has been described by Dr. G. M. Allen as 
Ne^ephonUs fnkrus. Mr. Browm secured a great series of jaw'Sp 
etc., of this species in his cave collection, but only a single Jaw and 
a tooth at Ciego Montero. 
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Edentates .—The edentates are all groiind sloths related to 
ionyXf but belong to four distinct genera. The largest and most 
abundant is Megahcnifs, about the size of a black bear. The tusks 
are flattened into a meniscus cross-section, and set near togetherp 
especially in the lower jaw, so that it has a curiously rodtnt-like 
effect* The cheek teeth are excepdonally long, and in consequence 
the palate is depressed bclosv the level of the cranium, and the jaw 
extremely deep. This is like the gJgantJc Mega^hFrium^ but the 
form of the cheek teeth is almost exactly as in Megotonyx. De¬ 
tailed comparisons sho%v that the Cuban genus is most nearly related 
throughout to Megalosiyx. 

Mesoenns is a smaller and more primitive genus, which is about 
the size of the Miocene ground sloths of Patagonia* and like them 
has a long tongue of bone projecting forward between the tu^S- 
The check teeth are not so long in this genus^ but they have almost 
the same form ^ in iMegalocmis or MegahnyXj different from the 
more primitive form of the cheek teeth in aU the Miocene Mega- 
lonychidae. The lusks are rather small and not so broad or menis- 
coid in section as in Mcgalucnas. On the whok this is a more 
primitive genus^ except the humerus, which has lost the entepicon- 
dylar foramen, as in Megalonyx. 

Mijoemu is of about the same size as but quite distinct. 

It is very closely related to Acratoenus of Porto Pico, perhaps the 
same genus. It has a short wide jaw and stout triangular tusks 
with a short, bony tongue betw'een. 

Micraauts is the fourth genus of ground sloths, an animal about 
the size of a cat, smaller than the living two-toed sloth. It resem¬ 
bles Mcgahcuits in the form and position of the tusks, but the 
molars are not so loiig-crowned and differ considerably in torm, 
with a marked suggestion of the square cross-section of the 3tlcga- 
theritdie. I have not seen the skull or upper teeth; a couple of foot 
bones doubtfully referred to this genus come nearer to the living 
tree-sbths in proportions than they do to any of the large ground- 
sloths. It would be very interesting to know' more about this little 
animal. 

There is so much individual and age variation in ground sloths 
that it is difficult to say how many species of these genera are pres- 
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ent, occurs abundantly both at Cicfo Montero and tbe 

Casimba, but apparently only one specie^ at Ciego MonterOp while 
at the Casimba there may be two or three. The species found at 
the eastern end of the island agrees better with the Casiroba forms 
than with the Ciego Montcro species. Of the smaller forms there 
ate clearly two species of M^^ocnus, but I see no proof of more 
than one of iV/iortiiiJ or Microcnus. 

All these Cuban ground sloths, along with the Porto Rican genusp 
are most nearly related to among the contmental genera, 

and may be regarded as co-descendants with it of EucbQtwop^ and 
Megatonyckotfi^ium of tho Patagonia MicKcne. MUraenus is ap¬ 
parently the least closely related; and the relations between Mhcnits 
and are very close. 

Rodenthr —The fossil rodents are all hystricomorpha related to 
the South American rodents* but not closely related. There are 
two groups of them (in a broad sense) each with two or three spe¬ 
cies. One ]& still common on the island^ the Hutias with two very 
closely related genera, and Gtrocaprentys. Of these Ce- 

promys is common in the latest cave deposits* but in the older levels 
of the cave material only Ge^caprofnys. The species in the older 
levels are all small—some are smaller than any sunnving species. 
The large species appear only at the top* The other group is en¬ 
tirely extinct; it consists of three or more species apparently of a 
single genus which ^Ir. Miller has called Boromys. It is related to 
the spiny rats of South America* but not closely. Capromys on 
the other hand has a near relative in Venezuela Frocapromys- 

None of the Chinchillid^ of the eastern Antilles have been found 
in Cuba. 

Remains of Geocapramys occur rarely in the Ciego Montcro and 
Casimba collections; they are very^ abundant in the cave collections. 
BoroHiyw, although common In the caves, has not been found at the 
Casimba or Ciego ^lontero. Dr. Borbour tells me that there is 
some reason to believe that this genus still sur^dves in Cuba^ although 
it has not found its way into any scientific collections. 

Reptiles .—In the Ciego ^lontero collection is a series of fine 
skulls of crocodiles, which Dr. Barbour regards as all growth stages 
of the living Cuban crocodile C* rhambifer. This species has a 
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bro^d headp and in some olher characters approaches ttie alltgator. 
It is dosdy allied to ihe alleged Central American species Cniarddii. 

The most interesting of the reptiles is a giant tortoise reseitir 
bliitg in several respects the living species of the Galapagos islands. 
It has a very' thlti shellp like most of the species of oceanic islands, 
blit aside from this, which is probably due to parallelisnn it shows 
some other points that are suggestive of a true relationship, 
although not a close one. It has one or two points suggestive of 
relationship to the South American tortoise T. t^fbulaiaj but mostly 
differs widely from it. Comparison with the fossil tortoises of the 
North American Tertiary does not indicate any special relationshipp 
although it may be regarded 4 LS a descendant of some species of this 
group. It has one very curious character, unique in so far as I 
have made comparisons, in that the margins of the horny shields 
are marked on the plates not by furroivs but by sharp, raised crests 
Over the greater part of the carapace. This alone would forbid any 
close relationship with any' of the species I have compared. 

Leidy named this species Tesiudo cub^nsis in l868, from a 
broken plate of the carapace that had been sent to him. 

The terrapin is probably identicaJ with the living Cuban terra¬ 
pin, which is regarded by some as a distinct speciosp by others as a 
subspecies of the yellow-bellied terrapin CAmfiJijj (or Triir/icinyjr) 
sertpia (=scQbra) of the southeastern states. It is at all events 
closely related, and belongs to a group which has several fossil rep¬ 
resentatives in the Pleistocene of Florida and other states of the 
southeast. 

Some fragmentary' remains of lizards, snakes, birds and am¬ 
phibians occur in the col lections, but have not yet been studied. 1 
doubt whether very much of interest can be got from them, as they 
seem to be very doubtfully identifiable. 

Hayti, Jamaica and the smaller islands are as yet unexplored 
territory. Except for the AmblyTkt^n of .Anguilla and a few frag¬ 
ments described by Dr. Miller from an Indian kitchen midden al 
S+ Pedro de MacoriSi in Hayti, nothing is known of their extinct 
fauna. Limestone caves are numerous, and will undoubtedly fur¬ 
nish important ^nds in the near fiiture. A primitive sirenian, Pri?- 
rastomus, was described many years ago by Riehard Given from the 
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older Tertiar)' marine limestones of Jamaica. It is distantly related 
to the manatees, but it throws no light upon the problems here con¬ 
sidered ^ and may be passed over without discussion. 

Review of the Fauna an kow^ known. Its incomplete ako 

INSULAJl CHARACTER. UNIFORMITY THROUGHOUT THE LARGER 

ISLANDS- Probable derivation of the several ckoufs. 

Methods or colonitatiok. 

So much for the new discoveries. We may now review' the 
fauna as a w'hole, living and extincE, and consider its general char¬ 
acter and what bearing it has upon the past history of the islands. 
I shall deal principally with the matnmalsr partly because I am best 
acquainted with them, partly because the new discoveries are chiefly 
in this groups and partly because 1 think they afford the best evi- 
deuce upon certain critical points. 

The most obvious features to me in the mammal fauna are its 
incompleteness and Insular character. There are no perissodactyls, 
no aniodactyls, no proboscidians^ no carnivora, no primates, no mar¬ 
supials, no rodents except three groups of the Hystricomorphs 
which are an especially South American group^ no insectivores save 
for two types ^vhich have very remote affinities to any living groups, 
none of the various types of edemata, except a single group of 
ground sloths. Certainly this poverty of mammalian fauna is not 
to be explained by scantiness of material. We have very large col¬ 
lection s, many hundreds of jaws and a due proportion of other 
bones, from two t}"pes of deposit, a cave and a spring fauna- Cor¬ 
respondingly large collections from cave or spring faunas in North 
America or South America yield veiy' different results. Compared 
with the Port Kennedy^ Conard Fissure or the California cave 
faunas, or those described by Lund and Winge from Braril, the 
contrast is very striking. Spring faunas may be less varied, but 
w^hatever else is absent the larger ungulates are sure to be found in 
such situations. 

The Avhole Antillean mammal fauna consists of only six types 
or groups of sub-family rank at most, as follows: 

1. Ground sloths allied to —5 genera. 

2 . Rodents of the Capromys group—4 genera. 
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3. Rodents of the B&romys group—2-4 genera. 

4. Rodents of the Aniblyrhisg, group—3 genera. 

5. Nesophontes 1 

6 Soi^don aberrant and primitive insectivores. 

These six groups constitute the surely native fauna. Most of 
them are extinct ; all of them except Sotntodon are found as fossils. 
Sixteen genera and about thirty>flve species. 

There are various other mammals recorded as from one or an¬ 
other West Indian Island, Some of them are known to have been 
introduced by man, others may have been. They are all species 
identical or closely related with continental species. If any of these 
were not introduced by man, they must have reached the islands in 
comparatively recent times, geologically speaking, not earlier than 
the Pleistocene, and some quite surely post-Cotumbian. Some are 
found fossil, indeed, but never much altered by petrifaction, in the 
uppermost levels of the cave and spring deposits. Such animals 
as the European rats, domestic cat, domestic pig, etc., belong ob¬ 
viously to post-Columbian time; the agoutis and armadillos of the 
Windward Islands and other continental .American species are 
probably introduced by man, but they may not all be post-Columbiati. 
Such species as the Eahaman and Martinique raccoon, the Jamaica 
rice rat, etc., described as distinct species, but certainly very closely 
related to continental species, may also have been brought by man, 
but long enough ago to have developed distinct races which have 
been accorded the rank of species. Some may Indeed have come 
by natural means, and if so they can only have come through over¬ 
seas drift, but for the present it is best to limit the discussion to the 
purely native groups, all of which are genera, subfamilies or fami¬ 
lies peculiar to the Islands. 


The first gmifp, the ground sloths, consists of four very distinct 
genera allied to the Pliocene and Pleistocene North .American 
h»yx and descended from the South American Miocene Eucho- 
/ffopj. Xo Megalonychida: are found in the South .American Plio¬ 
cene or Pielstocene; they are replaced by more progressive and 
specialized families. From th eevidence one may infer that they 
reached the .Antilles at the end of the Miocene or beginning of the 
Pliocene, arid that the four genera specialized there in adaptation 
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to ther insular conditions. Their peculiar specialixations and the 
absence of any of the later and more progressive types of ground 
sloths that spread all over the Korth American continent involves 
isolation since that time, from North, South or Central America. 

The second groups the rodents of the CaprOniys type^ affords 
some contrast in its scope and relations. Instead of having four or 
five very' divergent genera quite wide apart structurallyp we have 
in the western AntilleSp two closely allied genera, much closer in the 
skeleton than they are superficially. They are the only native 
mammals on the islands that are not on the verge of extinction; 
under natural conditions they would apparently be a very pros¬ 
perous group. The cave records indicate they were rapidly progress¬ 
ing in size and increasing in relative numbers in the Pleistocene* 
And finally Frocopr&mys of Venezuela, their nearest continental 
relativCp is quite closely related. They have not had time to diverge 
very far from it in structure, although the record shows that they 
were diverging. The surface inference is that this group was a 
comparatively late arrival, perhaps early Pleistocene, perhaps late 
Pliocene, clearly much later than the gronnd sloths. Yet they had 
reached several of the western islands—Jamaica^ Cuba, one of the 
BahamaSp even Little Swan Tslandj a small islet off the coast 
of Honduras. In Cuba several species of Capromys now exist. 
Geocaprofitys was formerly^ the principal or only type in Cuba, but 
is now found only^ in Jamaica, Little Swan Island and Plana Key 
on the Bahamas. In the eastern islands we find two genera less 
closely related. Isolobodon of Porto Pico is extinct and P/c;^fo- 
doiiiia of Hayti is practically extinct; these two are less closely re¬ 
lated to the two western genera, but are regarded by Mr. Anthony 
as the eastern representatives of the group. Systematic exploration 
in the caves of Hayti would probably clear up the true relationship 
of these eastern genera; casual sketchy exploration or work under¬ 
taken simply to get material and describe new species, is ver>' likely 
to destroy such evidence as exists on their palsontologic histor)'. 

The third groups the Egromys group of rodents, is extinct (pos¬ 
sibly a single survivor) and includes a number of species belonging 
to two very closely related genera, doubtfully separable, one found 
at several points in Cuba, the other from Hayti. It is rather dis- 
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tantly related to the spiny rata of South America 
FIetier<ipf&it:ys of Porto Rico 1$ rather doubtfully related to this 
group; certainly the affinities are distant. Jamaica is unknown 
palseontologically. 

The fourth group, the rodents of the Amblyrbko group, is lim¬ 
ited to Porto Rico and Atiguilla, that is to say, to the eastern end 
of the east-west chain, and is wholly extinct. Aihblyrlt'ma, the 
largest, is quite gigantic for a rodent, about the size of the Capybara 
or of the extinct Castoroides. EIaS 3 nodoniotnys of Porto Rico is 
nearly the size of a beaver. Heptaxodon of Porto Rico is a smaller 
form, 'fhesc West Indian chinchillids are only distantly related 
to the living Chinchillida; of South America, but they are quite 
nearly related to the Alegamys group of the South American 
Pliocene. 

The fifth and si.ri/i gronpi of mammals, the two insecijvora, are 
the most isolated of all the West Indian mammals, each having a 
family to itsel f. They are not at all related to each other, and their 
nearest relatives appear to be certain imperfectly known Eocene and 
Lower Oligocene genera of Xorth America. There are no autoch¬ 
thonous insect!VOTES at all in South America, save for the curious 
little Ntrcrolcstes of the Miocene, which may have had something to 
do with the Chrysochioridst, but certainly not with these ^Vest Indian 
genera. On the other hand, insectivora occur in all the Tertiar),' for¬ 
mations of Month America, and were more abundant and varied in 
the older Tertiarics. Microptemodus. of the Lower Oligocene, may 
have been a distant ancestor of Soiettodon, and several of the Eocene 
soricoid genera from the Bridger show much resemblance to Ncso- 
phatites. But any exact relationship is to be regarded as provi¬ 
sional, and by no means proven. 

Turning now to the reptiles, we find that the entire order of 
chelonia is represented to-day by a single species of terrapin widely 
distributed through the islands, found fossil in Cuba, possibly also 
in the island Sombrero, and closely related to the yellow-bellied 
terrapin of the United States. It belongs to a Morth American 
group, its nearest fossil relatives are in the southeastern states, and 
the few terrapins of Central and South .America, which are prob¬ 
ably rather late immigrants from Morth America, arc less closely 
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related to the West Indian species. All this points strongly to 
Florida as the source* and the Pleistocene as the Etmc of arrivaL 

A giant tortoise, new extinct^ is found in Cuba. Unlike the 
terrapin, it is only distantly related to any other tortoiseSp somewhat 
nearer to the species of the Galapagos islands than any other. It 
does not appear to be especially related to any North American tor¬ 
toises, except that it may be descended from some primitive species 
qf thcriMiocene, True tortoises are found in the Pliocene and Pleis- 
tocene of South America, but are believed to he immigrants from 
the north. The Galapagos islands affinities suggest that this species 
may be derived from the unknown Tertiary fauna of Central Amer¬ 
ica. But the Cuban species must have been jsobted a long time, at 
least since the beginning of the Pliocene, one would judge from its 
peculiar specialization. 

The crocodiles gf the West Indies are two> one* C- rlwmbif^r^ 
peculiar to Cuba. The fossil species in Cuba is C. rhombifer^ a 
broad-headed aIJigator-like form. It is said to be nearly related to 
the alleged C morclefii of Central America. The other species, C. 
amertcanuSjf is found in Florida, Mexico, Central America and the 
west coast of South America, as far as Ecuador, and appears to be 
rather widely distributed in the W est Indies. It i^ probably siguift- 
cant that this widely distributed species inhabits the salt marshes, 
whereas the more local C. occurs in fresh water. 

The smaller reptiles and amphibians, fresh w^ater fish, and the 
various groups of invertebrates are much more widely distributed 
throughout the West Indies. Their distribution and its causes have 
been extensively discussed by various authors, but unfortunately 
without giving due weight to two features in which it differs from 
the mammals and the two groups of large reptiles. 

First that the dispersal of these lower groups on oceanic islands 
is probably chiefly brought about by storms. The eggs* attached to 
small debris, or even the adult animals, if small enough, w'lll often 
be picked up by violent stgrins, and carried for considerable dis¬ 
tances. A cyclonic storm or tornado %vill sometimes partly empty 
a shallow^ pond, tarrjring the materials a mile or more into the air, 
the lighter and smaller debris being carried along for a great many 
miles before it comes to tbe ground again. On account again of 
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their smalt size they would not be crushed by the tall. The distri¬ 
bution of the ifif ra-mammalian groups in the West Indies^ as on all 
ocher oceanic IslandSp appears to me to be much more in accord with 
this method of transportation than with any continental bridge 
theories or current borne drift. ^lammals, however, could hardly 
be successfully colonized in this way^ nor would it serve for chclcn- 
nians or alligators. But it does probably apply to most birds and 
nearly all bats. 

The second feature in regard to the infra-mammalian groups is 
that we know little or nothing of their past distribution. From such 
slight direct evidence as we have, and from the analogies of past 
distribution of the mammals, we can be reasonably sure that it was 
not the same in the later Tertiary as it is now, and on the same evi- 
dente I am confident that the methods of inferring past from pres¬ 
ent distribution generally used by zodgeographers are erroneous. 
If applied to mammals such methods would lead to conclusions ab¬ 
surdly in conflict with the known facts; they are in conflict with the 
few available data among the lower land animals; and they appear 
to me to be based upon erroneous theoretical reasoning. 

Summarizing the data briefly we have among the mammals: 

1. The ground sloths, probably of South American origin (but 
possibly via Central America) which must have arrived about the 
late Miocene or early Pliocene, and demand isolation since that 
date to account for their diversity, archaic type, and absence of later 
developed and more progressive relatives. 

2, The rodents, all Hystricomotphs broadly of South American 
affinities, but including three groups. 

(fl) Chincbillids, limited to the eastern islands, and most diverse 
and peculiar. They also have come from South America, but from 
the eastward, in the late Miocene or Pliocene. 

(b) Hutias, including an eastern and a western group (but the 
division line is not the same as with the cbinchillids), the western 
group with one near relative in Venezuela, the eastern genera (Hayti 
and Porto Rico) more isolated. I have formulated several differ¬ 
ent hypGthe.ses to account for the distribution, but none can be 
sufficiently tested by facts to be of much account. The clue lies, I 
think, in a knowledge of the Pliocene and Pleistocene fauna of Cen- 
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tral America, but the eastern representatives may have come from 
South America independemly at an earlier date. Too few data to 
go upon. (Sec addendum, p, iSi.) 

(f) The BorQiny^ group, known as yet very imperfectly, appar¬ 
ently limited to Cuba and Hayii. These also are iiuite distant from 
any continental forms, suggesting their having been isolated since 
the Pliocene, but so far as we know this is not supported by diver* 
sit3' of genera or insular specializations as among the ground sloths. 
The relationship to this group of the Porto Rican Heteropsomys is 
in dispute, and it is well to defer conclusions. 

3. The insectivora are much more isolated than any of the pro* 
ceding, but their relations are, although remotely, North American. 
It is with the early Tertiary fauna of North America that their 
apparent affinities 

4. The giant tortoise has distant relations W'ith the species of the 
Galapagos islands, but has evidently been isolated and insular for a 
long time, since the Miocene or early Pliocene, but not earlier than 
that. The terrapin, on the other hand, is quite closely related to a 
living species of the southeastern states and to a group of Pleisto¬ 
cene species in the same region. It can hardly be supposed to be 
older on the islands than the Pleistocene, especially since the ^v- 
eral islands in which it is found have not developed even distinct 
subspecies, although there is a good deal of individual variation. 

5. The Cuban crocodile is common in the Pleistocene and prob¬ 
ably reached the island somewhat earlier i it is nearly related to a 
Central American species, but it is quite as likely as not that that 
species was more widespread in the Pliocene, perhaps through the 
Southern States, (See addendum, p. iSi-) 

6. Birds, bats, lizards, snakes, amphibians and fresh water 
fishes, molluscs, insects and various other groups of invertebrates 
are more widespread on the islands, as they are generally on oceanic 
islands. I do not think the reason is so much their greater geologic 
age as it is their greater facilities for dispersal, especially through 
storms, as I Itave indicated. Generally speaking there are in each 
group forms allied closely to modern mainland forms and others 
which are more isolated, primitive and archaic in tj-pe, usually more 
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sedentaiy in habit or othenvtse unfavorably situated for dispersal. 
Time is lacking to di&eiiss these further. 

Two questions are involved in the interpretation of this fauna. 
First as to former connections between the islands themselvesi 
second as to former connections with the luainbnd. 

There is considerable to be said m favor of Pleistocene or late 
Pliocene connections between the greater Atitilles^ extending as far 
east as the Anguilla group. In favor of this arc the presence of 
representative species or genera of mammals as follows: 

Nesophof^ics on Cuba and Porto Rico, 
on Cuba and Hayli. 

Aliocmts on Cuba and the closely allied on Porto 

Rico, 

Boromys and BrQtofuys on Cuba and Hayti. 

Capromys and Gcocapromys on Cubap Jamaica one island 
of the Bahamas, also on Little Swan Island. 

Isohbodon and Flagiodontia on Porto Rico and Hayti. 

Atnblyrhhct on Anguilla and Elasimdontomys on Porto Rico. 

Against such connections are to be cited 

(1) The absence of three out of the four ground sloth types from 
Porto Rico, 

(2) Limitation of the Caf^amys group proper to the western 
islandSp of the chinchillids to the eastern islands. 

(3) Representative or replacing types are in some eases closely, 
in others much more distantly related as betvrecn the various islands 
of the chain. No specific secjucnee of geographic separation can be 
formulated that will fit the known facts. In some eases it would 
call for an earlier separation between Cuba and Hayti, in others 
between Hayti and Porto Rico. 

On the whole I feel that this question is better left open till we 
get more data, especially as to the fossil faunas of Hayti and 
Jamaica, 

As to the second question, of continental connections, it seems 
to me that the weight of evidence is very heavily against it. There 
are two broad considerations affecting the matter. Firsh the geo¬ 
logic evidence and the submarine topography, while they do not 
forbid certain former connections, are on the whole unfavorable to 
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any. The islands arc not the remnants of a former Antillean con¬ 
tinent' on the contrary they have been built up. partly by uplifting 
and uptilting of blocks along fault-lines, partly through volcanic 
eruptions^ largely submarine, along the lines of weakness and fault¬ 
ing. ^fhey are not very old geologically, the oldest known rock 
being the marine Jurassic of western Cuba; nearly all if not all of 
the met amorphic rocks mapped by the U. S. Geological Sur^^cy as 
Palseozoic are either certainly or probably Cretaceous; and theksser 
Antilles are the youngest geologically* A land connection with 
Florida is practically forbidden by the geology; a land connection 
via the lesser Antilles is unlikely in the later Tertiaryt and very un¬ 
likely earlier; a land connection via Hayti, Jamaica and Honduras^ 
is itnobjectionable, but there is no particular evidence in the geology 
or submarine topc^aphy to show that there such a connection 
in the Tertiary', There is, however, considerable to indicate that 
the relatively shallow banks that stretch eastward from Honduras 
and Nicaragua almost to Jamaica may have been partly or wholly 
out of water about the Pliocene or PleisEocenc. In short, if a con¬ 
tinental connection is required by the faunal evidence, tbis is by all 
odds the most likely place for it. 

The secoud general consideration is the incomplete character of 
the fauna. It is not a continental fauna, either Noifth or South 
American, but an insular fauna arisen from development in isola¬ 
tion of a few individual elements of each- Such a fauna is not the 
result of invasion from North or from South America over a oon^ 
tinuous land area. Its incompleteness can no longer be ascribed to 
extermination by man, for we see that the Pleistocene fauna, while 
much more extensive, wa$ obviously and significantly incomplete 
and insular tn type. It cannot be ascribed to scanty fossil material 
for we have now very large collections of both cave and spring fos¬ 
sils. It cannot be ascribed to drowning out of the fauna+ for we 
have surviving on the islands two types of Insect!vora that date 
back to the middle or early Tertiary. 

.\ more particular examinaEton of tbe different groups of mam¬ 
mals, etc., confirms this general conclusion. The several groups 
indicate derivation from different sources geogTaphically, and at 
different times geologically. If wc insist upon the need of conti- 
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DenUil bridges to account for the We$t Indian mamnmUt it i^ tiol 
one but several bridges that they would indicate, each lasting only 
long enough to permit the passage of one or two of the least migra¬ 
tory^ elements of the continental faunaSp and the later ones so 
arranged as not to disturb the isolation of the types which had 
already reached the islands. If continental connections be de¬ 
manded, the chinchillids call for a Pliocene bridge via the lesser 
Antilles, not extending west of Porto Rico. The Ca/^roiwyj group 
calls for a Central American bridge in the late Pliocene or Pleisto¬ 
cene, while the ground sloths would demand a Central American 
bridge in the late llioccne or early Pliocene and subsequent Isola¬ 
tion. The giant tortoises similarly would call for connection wdth 
the Galapagos islands and isolation since Pliocene or early Pliocene, 
w'bile the terrapin demands a Pleistocene bridge wiih Florida im¬ 
passable for evciy'thing but one terrapin. The two insectivora simi- 
larly would call for an Oligocene connection Tivith North America 
and subsequent isolation. Such conclusions seem to me inconsistent 
and improbable, 

I do not think that one should trust blindly in these indications 
of former geographic relations from faunal affinities. But I do 
think that so far as they are of value, they should be fully and fairly 
presented. It will not do to pick certain potnls that may ht in wdth 
a particular theory, and gloss over or ignore discrepancies; nor do 
1 see much profit in inventing elaborate hypotheses depending upon 
a scries of imknoivn factors or iinprovabte assumptions to account 
for discrepancies* One may of course say that ive do not knoiv 
what the Tertiary^ fauna of Central America was like, and that it 
may have contained just the necessary elements to account for the 
West Indian lanna through a Pliocene connection. But that merely 
transfers the difficulties that confront one in attempting to work 
out any solution tliat conforms wdth all the faunal indicationSr It 
shifts the problem from the West Indies to Central America, It does 
not solve it. 

ITie only explanation that seems to me conformant with all the 
data, physiographic, geologic and faunal, is that the islands have 
been populated by coloniaation through storms and ocean drift w ith- 
out land connection with the continents, but aided by extension of 
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the land areas to or near the borders of the comincntal shelf in the 
Pliocene and Pleistocene, and perhaps by some further connections 
between the greater Antilles. The mammab and chebnians would 
seem to be practically limited to ocean drift as a method of trans¬ 
portation. I have elsewhere discussed the probabilities of this 
method in its relation to the length of geologic time i and may add 
here only that it the estimates made by Barrell of the length of 
geologic periods are accepted^ the chances become front twenty to 
one hundred times more favorable. For birds and bats, the smaller 
egg-laying vertebrates^ invertebrates and plants^ the agency of 
storms appears to afford the simplest explanation, although wave- 
borne drift has also doubtless pbyed a part. 

Appesdum. 

Dr. Barbour's admirable memoir on the Herpetology of Cuba 
was published too late to incorporate in the foregoing discussion 
the very- sal is fact on" solution which he supplies of the alleged Cen¬ 
tral American species CrocadUus mordetii He shows that this is 
an error of record, the species being based upon a speeiinen of C. 
fhofubif^f from Cuba. The Cuban species is therefore an isolated 
one in the genus, with nq near continental relatives. A study of the 
series of fossil skulls from Ciego Montero has been undertaken by 
"Dr* C* C. Mook, and wiU be published later. 

Mr. Anthony has suggested in conversation with the writer that 
the Venezuelan Frocaf>romys*^ may like Cr&codiius mordetii be 
an error of record, based upon a specimen erroneously credited to 
Venezuela, but actually coming from one of the West Indian islands 
and identical with Geocapromys or CaprQ37iys^ This, if verified, 
would clear up the affinities of the Capr^mys group confomiably 
with the distributional relations of the other rodents, solving a very 
perplexing problem. 


THE REL/\TIVE CONTRIBUTION OF THE STAPLE 
COMMODITIES TO THE NATIONAL FOOD 
CONSUMPTION,' 

Ev RAYMOND PEARL. 


iRtad April 24, ipip.) 


The purpose of Lhis paper is to present a part of the more im¬ 
portant results of a detailed and comprehensive InvestigatioR of the 
food resources and utiliaalion of the United States. The complete 
study will appear presently in another form, and then the supporting 
data on which the results here presented are based w'iti be available. 
Only the final results as to consuitifftion of human food will be 
given in the present communication. 

It is quite impossible to present here any account of the critical 
precautions used to ensure accuracy, nor can the details of how the 
final results on consumption w^ere arrived at be given in this brief 
paper. It is hoped that the indulgence of the reader wdll be granted 
until the appearance of the complete publication,* where all the 
details are set forth. 

I. The Plan*. 


The basis of any adequate sun.*ey of food resources must be 
essentially physiological, rather than one of commodities or trade. 
Broadly speaking the ultimate sources of food are the soil and the 
sun. The energ>' derived from the sun through the mechanism of 
the green plant builds up the inorganic chemical elements of the soil, 
air. and water into compounds w-hich can be utilized as food by man, 
either directly or.secondarily in the form of the products of n nimaTc 
which have been nourished on the primary foods of the plant tvorld. 

For the purpose of statistical analysts all nutritive materials pro- 
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duced and consumed fall into one or another of the following cate- 
goriest which are obviously based on the considerations set forth in 
the preceding paragraph. 

I. i^riMiar'v Foods. Including all plant materials used as human 

food or fractions of such Tnat-criaUp and all animals or 
animal products in which the animal gels its nourish¬ 
ment from some source other than the primary feeds and 
fodders as defined below, either 
(a) Directly as harvestedp with only such sophisticatton as 
comes from cookingp such aSp for example^ potatoes, 
fish, oysters. 

(fr) In derivative form:^ where by process of manufacture a 
food product is prepared from a raw plant product; 
such asp for example, wheat flour or cottonseed oiL 

II. Frimory Feeds or Fodders. Including all plant materials or 

fractions of such materials used for the nourishment of 
domestic animals, either 

(a) Directly as harvested, such as the coarse grains, or 
(i?) In derivative or mannfactured formp such as manufac¬ 
tured feeds. 

III. Secondary Foods. Including all edible products of animals 

used for human food nourished with primary' feeds and 
fodders^ including both produced, 

(a) Directlyp without involving the death of the producing 
animalp such as,^ for example^ honeys eggs^ or milk, and 
(&) Derivatively^f involving the death of the animal, such aSp 
for example, the meats. 

The basic idea in this classification iSp of course, to allocate the 
nutrient resources of the nation according to the usage made of 
them. We have certain products of the soil, and o£ the seas and 
fresh water lakes and streams* which are directly produced and 
directly consumed as human food. To produce a crop of potatoes 
or of cod fish or oysters it is not necessary' to feed out to the grow¬ 
ing crop some other crop such as hay or grain- Therefore these are 
directp primary food products^ On the other hand there are many 
foods such as the meats, eggs, etc-* where to obtain a pound of pro- 
teiup or fatp or carbohydrate for human consumption it is necessary 
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to use a certain ainount of other protein^ fat, and carbohydrate pri¬ 
marily' produced as fodder or feed. Ilpman food produced m this 
manner ?& obviously secondarily produced and cannot be allowed to 
count in the net nutritive balance sheet on the same basis as the 
primarily produced food. It is a relatively more expensive forn^ 
of nourishmedt^ 

It is evident that under this classification many raw food mate¬ 
rials will of necessity fall in part into two or more categories. For 
example^ to take the case of wheats the major part of the raw grain 
is ground into flour and as such used as human food, but- in the 
process of making the flour there is produced a cenain amount of 
feeding stu^St bran^ middlings, etc.^ which only indirectly contribute 
to human nutrition through the products of animals which eat these 
wheat feeds. Fitially a certain small proportion of the wheat grain 
is fed directly as such to livestock. Similar considerations apply to 
very many other food materials. That all this adds a considerable 
complexity to the problem is evident. But it is equally clear that if 
anything approaching reliability in the final result is to be attainedt 
due regard must be pai<l to these complicated subdivisions in usage 
of the raw food materials. Oihenvise the same nutritive material 
will he duplicated in the accounting and a misleading result reached. 

The general plan of- this study has been first to determine as 
accurately as possible from e.xi3ting official statistics for each year 
from 191T-12 to 1917-1S, inclusive, the amount of the basic nu¬ 
trients, protein, fat and carbohydrate : (o) produced, (b) imponed, 
(r) exported, classifying the results under the main headings given 
above# From this tabulation as a base one mav' then proceed to 
calculations of consumption. 

In all cases where investigation showed it to be necessary deduc¬ 
tions were made for the following kinds of reasons : 

{a) Loss of commodity in storage. 

{6) Spoilage of commodity in storage. 

( c) Lo.ss of commodity in transit. 

(d) Spoilage of commodity in transit. 

(e) Loss by vermin. 

(/) Amount fed to livestock. 

(g) Amount used for technical, non-food purposes, including the 
manufacture of alcoholic beverages* 
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{h) Inedible refuse. 

The effort was tnade* iri the mo$t careful and critical manner 
possible, to have the final figures for human food consumption rep¬ 
resent Tallies. It is believed that this desidctatiim lias been sub- 
stantiaEy attained. In the complete report of the study detailed 
statements regarding the steps taken to get net values w ill be given. 

In making up the basic tables each commodih.' or derivative of a 
commodity was listed separately and converted as such into nutrient 
values. In the matter of units of measnre the following general 
plan was followed: In all basic tables the quantities of production, 
export and import are first given in the /Vmericau units ^^bushels, 
poundSp gallons, etc.) of the original statistics. These quantities 
were then all converted into metric tons.^ All niitrieiit valueSp pro¬ 
tein, fat, and carbohydrate are given in metric tons* Energ)'^ values 
are expressed in millions of small calories.* 

Regarding the sources of the ba$ic statistics the following gen¬ 
eral statement may be made herer"^ For figures the fun¬ 

damental sources, in the case of primary products, are the successive 
Fcijr Books of the U+ S, Department of Agriculture. Each volume 
of rhis publication carries as an appendix statistical tables giving 
the Department's offictal figures of crop production. A secondary 
source for crop production figures is found in the Bucccsstve volumes 
of the Mi^nlhly Crof^ R^puri of the U+ S. Department of Agricul¬ 
ture, Its figures are again official and form the basis of the tabula¬ 
tion of the Ffijr but frequently give more detailed informa¬ 

tion. Reliable statistics of the derivative products such as flour, 
meals, etc., are much more difficult to obtain than crop production 
figures, for the reason that tliey are not officially collected and pub¬ 
lished. In this field resort has been had to a variety of sources, 
such as trade papers, census returns, special aJ hoc inquiries of 
manufacturers, etc. 

Exparf and import figures were taken from the official reports 
(annual and monthly) of the foreign commerce of the United 

^Thc metric ion =2204.6 Ibg. 

* A ^mall calory is the ainoasit of beat oecesiaiy' to raise i gram of water 
I* Centigrade. 

* Thi5 ^tatemenl is supplemented by more detailed source reference^ in 
the co<mp]etc report of the 
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States compiled by the Dcpartmciit of Conitnerce. In a few cases 
where it has been clear from in forma tioti available to the Food Ad¬ 
ministration that the official figures of the Department of Commerce 
were in error we have not hesitated to use other and, we believe, 
more correct statistics, but in each such case specific notation of the 
fact is made in the detailed report. 

In the computation of nutrient values use has been made chiefiy 
of the factors given by Atwater and Bryant,® It has been neces¬ 
sary, in some cases, to supplement their tables from data given by 
Leach’’ and Henry and Morrison.* 

All calculations in this work have been repeatedly checked and 
every pcesible precaution taken to guard against error. It is too 
much to hope that so extensive a piece of statistical work should be 
without errors, but I hope that their number is small and tlieir net 
significance in the final results negligible. 


11. The Consumptios of Hu>tAN Food ik the United States. 


Hitherto there have been available only the roughest guesses as 
to the total domestic consumption of all but a few items of food, 
such as wheat and sugar. If anyone were confronted with the 
naive and simple question, *' How much com, or oats, or molasses, 
or fish, or milk, or nuts,” or any one of a long series of other foods, 
”ls consumed annually in the United States as human food," no 
accurate answ'cr could be given. Yet the question is obviously a 
fair one, and one which somebody in the nation ought to be able to 
answer with a considerable degree of accuracy. For some twenty- 
odd great staple commodities or groups of like commodities we are 
now in a position to present figures of a relatively high degree of 
accuracy as to consumption. On the basis of these figures it is 
possible to discuss effectively ntany interesting and important prob^ 
lems; such as, for example, that of the relative iniporUnce of great 


'Atwater, W. 0., and Bjyant A, P,, "The Cheniical Composition of 
^rictm Food Materials" (Corrected April ,4, ,po6). S, Dept Agr. 

Office oi Expt, Sta. BuStetin 28 (tevjMd editicin)^ 1906, 

and .Analysis." Third edition, revised 
enlarged by .A. L, Win ton. New Ygrls. i^it. 
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NATIONAL FOOD CONSUMPTION* 


groups of staples, like the grains and the vegetables, in the nutrition 
of the people of the nation* We can calculate with accuracy the 
total national food bill, and so forth. 

The final net results as to Consumption of hnman foods in the 
United States during the seven years are set forth in Table I, In 
that table the results are given for the several nutrient values, pro^ 
tein, fat, carbohydrate and calories, only. This is the most scien- 



Ffc. I, ftekdve ctini'cs for hyaian food consumpupfL The figure for the 
year ipii-is is faken as too in each case and the relative figure for each 
ytis calculated to that base. 

tific^ and as soon as one become accustomed to it, by far the most 
useful way of thinking about food consumption. 

The data of Table I. are summarized by years in Table 11 ., and 
are shown graphically in relative form in Fig. i. 

The first thing whidi Impresses one about the consumption fig¬ 
ures is their extreme uniformity from y^r to year* as compared 
with production, exports and imports. This b exactly what would 
be expected, of course. No matEer how much production^ exports 
and imports may fluctuate, within wide limits, the people of this 
country" eat about the sanie amount each year. To have the sta¬ 
tistical calcuiation come out to this result so heautIfulJy Is strong 
evidence of the correctness of the long and tedious preliminary cal- 

PROC. Afcitk. PHIL, soc* vqt. iviii, M, JULV afi, 1919. 
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PEARL-^STAPLE COMXEODITIES AND 


TABLE IJ. 

SuUAIAnV OF CoNSUMFTtOJS OF HuMAK FoODSp F^iMARY AKD SeCOKPAKV 

(Metbic Tons),^ 
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cubtions. There has been a rather steady small increase in total 
gross food consuniptionr but this has been very^ closely proportional 
to the increase in the population. 

In the seven-year period here discussed the greatest relative 
advance in consumption was in respect of Eat, and the least relative 
advance in respect of protein. Carbohydrate content and calories 
increased in the seven years in amount consumed to a degree inter¬ 
mediate between fat and protein. The protein relative line falls 
below the population relative line each year after 1913-14, This 
means that since 1913“ 14 somewhat less protein has been consumed 
in gross in proportion to the population. The relative line for fat 
was below the population line till 1914-15, and thereafter followed 
it closely. 

The relative figures from which Fig. 1 is plotted are given in 
Table III. 

With such gratifying assurance of the smoothness of the con¬ 
sumption results tve may proceed to an analytical discussion of the 
numerous highly interesting problems which center about human 
food consumption^ and for which data have hitherto been lacking. 
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TABLE III. 


CoN'SVMrriciN or Kvmak Foons^ Pkmajiy and Secosdaby, REUMive to 
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103 -1 

[ 03 ^ 

104.6 

I 06.3 

105.3 

191 [-13 to 191 ^ 1 ?.. 

' 104.3 

107 ,$ 1 

103.5 
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The first of such problems to which attention may be turned is: 
To what relative degree do primaTy^ as distinguished from second¬ 
ary* human foods contribute to the total nutritional intake of our 
population? Froin Table II, it is seen that of the protein consumed 
47 per cent comes from primary sources and 53 per cent, from sec¬ 
ondary sources. Thus, broadly speakingp the ,-'\merican people get 
over one half of iheir protein from animal sources exclusive of 
fish, which are included in the primary foods. This fact indicates- 
at once the importance of nTaintaining our animal herds intact and 
keeping the price of animat products at not too high a level* unless 
we are prepared to face the alternative of a radical and fundamental 
alteration in the established dietary habits of the people. 

In general there has been but little change in this protein-source 
dietary' habit in the seven years included in this study. What 
change there has been is in the direction of a smaller proportion 
of protein from secondary sources and a larger from prima^, but 
the movement has been but slight. As would be expected* a much 
larger proportion of tlie total fat consumed in human food comes 
from secondary sources than is the case with protein. The figures 
are 8:^ per cent, from secondary sources and fS per cent, from pri¬ 
mary. Again there has been little change in the seven years. In 
spite of all propaganda from dietary cranks and from commercial 
interests* it is clear that the American people depend to an over¬ 
whelming degree upon animal sources for their fat intake, rather 
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than upon oils^ nuts and the like. This condition is natii- 

rally reversed as regards carbohydrate, Ninety-four per cent, of 
this nutrient comes from primary sources and only 5 from second- 

jra£> ^ 



Fig. 2. D>agnni showing the percentages of tlie total nutritianal Intake of 
the Attiericin people deri^'ed from primary and secondary sources. 
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ary. In th& total nutritional ra.lory intake 6i per cenL comes from 
primary foods and 39 per cent, from secondary. 

It is interesting: compare the percentage of American nutri¬ 
tional intake derived from primary and sccondarr sources with cor- 



Fia 3. Diagram ^flawing the retalive proportions of the American and British 
food intake derived from animal sources (exclusive of fish). 









































19S 


PEARL—STAPLE COMMODITIES AND 


responding British figures. Calculating roughly from Table I. of 
the official British report® on the subject I find that 42 per cent of 
the protein intakCp 9a per cent, ol the fat intake^ and 35 per cent, of 
the energy value of the total nourishment gf the pgpuJation of the 
United Kingdom comes from secondary sources. In other words* 
the British get less of their protein and calories and more of their 
fat from animal products exclusive of fish than the -Americans do. 
Tlie differences, however^ are not very great, indicating generally 
similar dietary habits in the two populations, a fad which we know 
on general grounds to be true. 

The above comparisons regarding primary and secondary sources 
of human food are shown graphically in Figs, 3 and 3. 

The next problem concerns the relative proportion of the total 
nutritional intake famished by the several different large food com¬ 
modity classes. The data on this point for the main groups are col¬ 
lected in Tables I\A-VH. and lX.-XIL inclusive. The arrangement 
ol these tables is to give first the annual average for the six years pre¬ 
ceding the entrance of the L^niced States into the war, and then to give 
19I/-1S, our first year in the war, separately. The reason for such 
a time division is obvious^ There is no reason to suppose that the 
consumption of food in this country was affected by the war till 
the time we entered and the United States Food Adtninistration 
began its work. Before then the population had gone on consuming 
food at about the usual normal rate. There w^as no reason or in¬ 
centive to do otherwise^ except in so far as price had an influence. 
But in 1917-1S a wholly new and extraordinary influence was 
brought into play to alter the national food habits. This was the 
Food Administration, w'hicb through its recommendations, on the 
one hand, and regulations on the other hand, sought to modify the 
consumption rate of certain eonimodittes and succeeded in doing so* 
as will presently appear in detail 

In Tables IV. to VII. the percentage figures are first given sepa¬ 
rately and then accumulated to 100 in another column. 

The data of Tables IV, and VIf. arc shown graphically in Fig, 4, 

* " The Fwd Supply of tbe UnEiciJ Kinffdoni.'' A report drawn up by a 
Committee of the Royal Society at the request of tJic Board of Trade. Lon¬ 
don (Cd. 8421), igty, pp. js. 
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table IV. 


C0NsuMrTtO9! or Protein in Hu«a.n Focbs, Frimarv aau Seconoary, in the 
Uniteo States, Arrascib bv Gmiiips in Orper or Magnitube. 
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From these tables and diagrams it is seen that the grains stand 
at the head of the list in contribution of protein, carbohi'drate and 
calories. Meats come first in contribution of fat, second in protein 
and calories. Thirty-Six per cent, of our protein intake normally 
is in the form of grain, 26 per cent, in meats and 20 per cert, in 


TABLE V. 


CoNsuMFTios GF Fat in Human Foods, Prim ary ano Second asy, in tbe 
United States, Ahrangeb bv Groufs in Order of Magnitude. 
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TABLE VI, 

CoKSujipnos OF CAiWflV'jjiuvTes iN Human Foods, Pjeiharv and SioondajVp 
IK TMt UNitED Spates, AuMANGm by in Order of MAfiSiTUBE. 
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dairy products. These three great ccunmodfty groups together 
make up nearly 83 per cent, of our total protein intake. 

The total consumption of human food was higher in 1917-18 
than the average of the preceding six years. This is to be expected 
from the greater prosperity of the people incident to high wages, 


table VIT. 

CuNauMPTiox OF Human Foods, Fwmjwv axb Seoonoa*v. in the Ukiteb 
States, in Terms of Caiomc Value. .Aexamceo bv Grouts 
^ IN Order of Macs^itudSt 
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C£yi3i//'^prf(yf 


jiS ^ 03 ^ ^ AS 713 



Fie, 4, Showing the percentage conlrabtition of the different great tood 
conunodity groups to the nubitioiial Intake of the United Stales, for (a) six 
years before our entry into the war* and (b) 


etc. But the proportion of the total contributed by the grains and 
JTieats is smaller in 1917—18. In other words, the two great coni- 



















































































202 


PEARL^STAPLE COlifMODITIES AND 


modity groups on whkh the most stress was kid in the conservation 
campaign show a rediictton in the part which they play in national 
nutrition. The effect of the conservation work will^ however, be 
more clearly shown when w e come to the consideration of individual 
commodities. 

Of the fat normally consumed 51 per cent, is furnished by the 
meats as a group; 27 per cent, by the dairy products; and 12 per 
cent, by the vegetable oils and nuts. The grains normally furnish 
3.98 per cent, of the fat intake and in 1917-1S this rose slightly to 
4.16. due to the increased consumption of corn meal. 

The sugars stand second in the list as contributors of carbohy¬ 
drate to consumption, with 26 per cent, of the total, to which 56 per 
cent^ is furnished by the grains. Of the remainder of the carbo¬ 
hydrate intake vegetables normally contribute about 9 per cent.p the 
dairy products 5 per cent,^ and the fruit 4 per cent. 

The energy values of the groups are especially interesting as 
furnishing a general inde^ of food values. Of the total energy fur¬ 
nished by the human food consumed 35 per cent, comes from the 
grains, 22 per cent, from the meats, 15 per cent, from the dairy 
products and 13 per cent, from the sitgars. These four groups 
make up about S5 per cent, of the total cnerg>' value of all the food 

TABLE VllI, 


SnowixG THE Chakoes in Fooo Cos sumption is the United States is 
I£>17-I8 as COMI-ARESa WITH THE Av^AGE ASSUAL CoVSUllPTlOX IS 

Six PtiECEiiiNG Years (Miluq.vs of CAtORiEs), 
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consumed. Vegetables contribute only about 5 per cent.* fruit and 
poultry about 2 per cent, each, and vegetable oils and nuts nearly 5 
per cent. 

On the basis of Table ITI- it is of interest to examine some^vhat 
more careftdly the changes in consumption rate io 1917-18 as com¬ 
pared with the average of the six preceding years. Such a com¬ 
parison is made in Table YIU. and shown graphically in Fig, 5* 



Fic^ 5. Diagram sliowmg die Increase or decrease in food consumption in 
rgij-ifi a$ f:oititxarcd with the average of the preceding $ix ^'ears. 


From Table VIII. and the diagram it is obser^^d that the total 
increase in human food consumption in 1917--18 was less (nearly J 4 
per cent.) proportionately than in the increase in population, both 
being compared tvith the average of the six preceding years. The 
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consumption of meats practically did not increase at all, and the 
consumption of grains only about I per cent. 

The great increases were first in the consumption of vegetables 
and oils and nuts, amounting to 30 per cent, in the one case and 29 
per cent, in the other, and second in oleomargarine ivhere the coH’ 
sumption increased nearly ii6 per cent, in 1917-18 over the average 
of the preceding six years. In the case of vegetables and oils and 
nuts the increased consumption in 1917-18 is probably to be attrib¬ 
uted lai^ely to the activity of the Food Administration in urging 


TABLE IN, 

CoKsuiiPTroN' OF Pbotzin in Human' Food, PaiMAbY ajtd Secondaiv, ix tuc 
UNrt£0 States^ AjutAxii^ bit Commodeti^^ im Ojideb or MACNiitfOE. 
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the consumption of these commodities to afford a relief of the 
pressure on wheat and meat products. In the case of oleomarga¬ 
rine the increased consumption is clearly due entirely to a favorable 
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price differential as compared with butter and lard* taking into 
account paJatability, 

The only two great commodity groups showing decreases in 
consumption in 1917-18 are fruits and fish. In both cases the result 
is probably to be explained by price influences, taken together with 
palatabiHty and popular ideas as to relative necessity in the diet. 
For example the price of meat may rise relatively much more than 
that of fruits or fish without leading to any reduction in consump- 

TABLE X. 


Consumption or Fai in Human Fwps, pMMAtv ano Seconearv, in the 
UN rtra-S tates, Ahkanged nv CoMMODmES IN OEoriE or Mackitude. 
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7413 

-15 

99-73 

7.451 

.14 

99.69 

17 

Fotatoea. ... 

6,3fi* 

,ia 

99-35 

7-3^3 

.13 

99,83 

iS ■ 

Legman,.... 

4 pS 34 


99-94 

6*7&T 

' .m 

99-94 

19 : 


3,i|SSi 

.07 

IPC.OI 

3-^5* 

.oO 

lOo.OO 

30 1 

Rji*®_ ____ .. 

I 

V&3 

100.04 

3.5S5 

.-05 

100,05 

21 

Ri«: ---• 

* r 

431 

.01 

100.05 

Tt-J 

.01 

[00r06 

32- 

OfUifEi. 

4 It ■ 

.DI 

ldO.06 

3^8 

.01 

100.07 

— 

Sugam. ^ . 

0 

a 

iaO.06 ; 

a 


100,97 


Total........ 

Sa 1^.379 

— 

— 

5-479,939 

— 1 

— 


tion, owing to the general belief that meat is a more necessarj' article 
of diet than the other two sorts of food mentioned. 

We may next consider the gross consumption of individual com¬ 
modities on the same plan that has just been used in handling the 
groups. The data are given in Tables IX. to XII. inclusive. In 
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these tables it will be noted that the cumulated percentage columns 
run to more than loo per cent, by trifJtng amounts. Tiiis is to take 
care of the item other meat products" which appears in the net 
export table but not in production (in basic tables not here given)- 
In the main consumption table it is carried into the subtotal 
"•Meats/* but does not appear as a separate item, because of the 
impossibiIit>' of cakulating it as such, 

TABLE XJ. 


CossoMPTicx or CiaBoiiYPRATE IX Human Foods, Piomakv ano Secondary, 
IN THE UNrn^D States, AaRA.vccD &y CoMMofimE^ is Ohde^of Hacsitude. 


i£>nd«' 

Nfl. 

Cbmiiioditi'. 

ihfl Six VE>r», 

I;d i^rl^i. 7 . 

Fer ioi/’iS, 

Abfolate Cvn- 
HB-pebn «r 
CiriioSfilmc 
f 

Tufii?. 

1 

P^reefiitier , , 

Coauamp- CatnuktEd 
UflB. 

f 

AtHQLiu«-Cen- 
! MfBpEbB cT 
.Ckrboliydni^e 
SU^cfts 
I'mu). 

: Par-ciLiJig^ 

tkm.. 

1 

-Cuaiqkicid 
j l'«r 

E 

Wheat ........ 

6 .«M. 4.794 

4^-3125 4 »- 3 T 3 S 

6 , 133-183 

36.1534 

86-1534 

3^ 

Sugars.... 

4.IQJ.o$s 

254473 67 ^ 55^8 

4-374. ISM 

35.5266 

61.6800 

3 

Cora. .. .... 

r,SQS.S &4 

ii.-dooa ^ 76.6606 

2,153.31^ 

12-5778 

^ 74 3578 

4 

PoiatoeH. 


5,7070 ; ■ft 4-5636 

; 1,169,204 

6.8333 

8 x ^0810 

5 

Dairy p^ucU- 


5.4s15 . SK>,04JI 

917469 

5-3524 

86-4134 

6 

Applca........ 


1,9*45 91 - 94^6 

398.37 s 

3-3342 

88.7576 

7 

Other ^'egetables 


1,8514 93.;Sooo 


3.0593 

9 *Bl 68 

S 

Lffgume^ .. 

1S3.103 

1-10^5 g 4 -eKt 95 

303.42^ 

1 - 77*7 

92.5875 

P 1 

Other fralM. 

trt 574 

1-0454 93 -E >549 

384,eH68 

14^13 

94-2487 

la 

Hict, 

iTDiiSi 

1 ^ 03*7 96 .si^l 6 

377-293 

1,6177 

95.8664 

] I 

Otiicr ., r 

159K113 

974 J*it>' 

368.425 


97-1329 

13 

ftyc-- .. . 


-7873 08.7485 ■ 

319.137 

1.3794 

98-7123 

13 

Barumafi . 


,68dt 09-4i^3Q ■ 

93,338 

-5388 

99-2 5TI 

14 

Nuti. . 

35 -S 7 I 

.2167 09.6457- 

63^954 

.568* 

99.6191 

is 

Ora.ngca. ...... 

31p^ 

.1931 95,8368 

39-tT7 

.2386 

99.8477 


Cocoa .... t 

31.536 

.1312 i 99-9799 

21.360 

.1347 

99.9734 

17 

Pork .. . ! 

fc«, f \ 

a. 74'5 

.0167 99^0867 

2,859 

.0167 

99-9831 

IS , 

Beef - 

1 . 7*7 

,QT04 99-0971 

1 - 37 “ 

,009a 

99 - 99^3 

; 

Muitofi\ ...... 

4 &i 

,0035 lOO.tMOO 

31.^ 

,001S 

too.oooi 


Fi^h. 

34 

,mwi 190,0001 

^5 

. 600 ] 

IDO .0903 


Cits . , ,,, 

0 

0 [90.000J 

0 

0 

100,0003 


PouUr>'afl4eeaB 

0 

9 liQO.DOOl 

0 1 

0 

fOO.Oooa 


OEeonutgarlnc , 

0 

0 loo.cioaz 

0 

0 

iOO.OOOJ 


Total. 

16,413,047 


*T.i 3 S .«.3 1 




The data of Tables IX. to XIL irLclusive are shown+ exhibited 
graphically, in Figs. 6 to 9. 

Taking first the protein consumption, as given in Table IX., we 
see that wheat stands at the head of the list as a source of protein 
for the population of this countlyv contributing nearly 2S per cent. 
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table XII. 

CoKSL'MPttOJ: &F Hu MAS FoOUSi. PaiMABY ASD SECOSCAftV, IN TW£ UNIttiJ 
Stat^Sp in T£6jm& of Cauwuc Valuz, Aaeahged by CoMMODmes 
IN OiasES OF Magnitude. 


Owkr 

Nol. 

CtHnmodiiy, 

AVEfUfi? fiw die®.! i ^ wi^iz 

t« 1^1^17. 

For 

AhwMx OiD'j Pcruralagc 
luinpcbon Cooisap- 

1 Eton. 

P-ei- CrtL. 

Abt«iuc« C^w^- 

IDiiiptioa {MJh 

lUm Cfctori^*, 

Pc^cwait 

CoBBlaliifH 

tLoBL, 

CHAU. 
lAied l^r 

] 

Wh^t . . 

33,657,399 

35.90 

35.90 

j S 6 .D 2 1.979 

21.94 

31-94 

3 

P&rJs.... 

21 }. AS 3 M 9 

15.74 

41.64 

91 . 016.397 

15-36 

37.30 

3 

Dair>' pToductff. 

19,334.010 

15.3* 

56.90 . 

36 - 594^*^6 

15.05 

52.35 

4 

Sugaj'a . + 


13.34 

70 ^4 

17.939^139 

134 s 

634* 

S 

Com.. 

9.141.678 


77.1 T 

16 . 93 SkS 3 i 

7.99 

73-45 

6 

Eatii ,. .. 

6,893,851 

S 30 

83.47 I 

7,017^98 

S.13 

78-58 

7 

Ojla . 

4 .T<K>-S 5 H 3 

3.63 

86.69 

5.455-41 s 

3.99 

8 i. 5 T 

e 

PoChLocs ....... 

4 . 3 * 6-736 

3.3* 

89.45 

^,163,53$ 

3 77 

Sd ,34 


PouJtrj' and (T:g» 

3,639.311 

3 r 61 

9147 

3.648,^62 

194 

SB.iB 

lit 

Other wgoLiiblj^ 

1 - 4 * 5.344 

1.13 

9 t- 6 o 

6 . 363 ,^S 

1^65 

89-93 

iz 

Applet . 

1-403.75* 

I.OS 

93 . 6 « 

1,937,964 

141 

91-34 

12 

Xwu....- 

X, 196.911 

.93 

1 94^6 

1. $>64,998 

I 39 

92-73 


LcRUnyfii.. 

1 h 67 7-933 

.83 

1 95.^13 

1-638.71* 

140 

93-93 

14 

Other . 

893-383 

.69 

96rl? 

1-381.63^ 

1.01 

94 94 

IS 

OtliEf fruits . ■ 

I 

.6? 

9G.74 

1.2i9P,8J6 

9 S 

95-89 

le 

^futtOrt r r . . . - . 

791.633 

.6[ 

97.35 

1.765454 

.63 

96.77 

17 

Rice... . . 

774.430 

.66 

97.95 

1.170.593 

.86 

37.63 

13 

Bye. ... 

599 . 4 T 5 

■45 

9^.40 

994.331 

*73 

96-36 

*13 

OJeomarpartne . 

543.719 

■ 4 ? 


678,041 

.SO 

9B.39 

30 

Fbh.. 

534.5*9 

.41 

9923 


40 

39.26 

31 

Bananaia....... 

J19.109 

.40 

99*3 

333 .4 1& 

^39 

99-65 

32 

C«oa.. 

3 ri, 7 «p 

.39 

99.93 


'81 

99 - 9 * 

as 

- + .. 


.11 

loo.o^ 

S 3 .se? 

67 

loa.oj 

1 Tirta: . 

129.931.314 * 


136,819,736' ' 


normally to the total. Dairy' products are second with 20 per cent, 
of the total Beef with 14 per cent, and pork with ii per cent, 
stand next. The other commodities contributing more than s per 
cent, to the total protein intake of the population are, in the order 
named: Poultry' and eggs, conip potatoes, and fish. Taken together, 
these eight commodities furnish ^2 per cent, of the total protein 
intake. We see that a very' few commodities furnish a very large 
percentage of the inttritional intake. ITiis fact, in and of itself, 
helps tnormously towards the possibility of making a study such as 
this substantially accurate in its results. It is clear that the minor 
items onittied from our cakubtions have no significance in the final 
general result. If four food commodities furnish nearly 75 per 
cent, of the total protein ingestedp it is obvious that a large error. 
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or even the entire omissionp of single ones of the other minor items 
can have but little effect. 

Comparing the order of the commodities in 1917-1S with the 
average of the six preceding years, it is seen that the only change 
of position among the eight commodities normally furnishing over 


carfmBimort m mmL ca/fsanm 



Et-C, 6, Diagram showing tJKt pcrcctitage of the local protein o^n^iiniccl iii 
the United States contributed by each of 2 % comniodities. The solid ban 
denote die av'erage consumption In the six years preceding our entry into the 
war. The em^s-hatidied bars denote the con^iunptioD la jpty and igiS, 
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90 per cent, of the protein i& in respect of the Last one on the 
namely, fish. In 1917-1B the legumes (beans and peas) moved up 
to the eighth place and fish moved to the uinth place. 

Turning to the fat consumption, it is seen tl^at approximately 40 
per cent, of the toial fat in the nutritional intake of this country 


tv remt f^ca^rrtv 



Ficl % Diagran^ showing tlie perceotage of the total fat consumed m the 
United States contributed by each of 23 commodities. The solid bars dcEiote 
the average consumption tn the six years preceding our entry into the war* 
The cross-hatched bars denote consumption in 19^7 and 1918. 

conies from pork and its products* The hog is in a class by itself 
as a source of fat for human nulritionj with the population of this 
country^ Dairy products $taud second in the list, with approxi¬ 
mately 2734 per ccuL of the totaL After the dairy products there 
L$ a considerabk drop in percentage eoutributiod as we pass to the 
next item ou the list, namely, the vegetable oils, which nornmlly 

FROC^ AMBfi. PUIL. sex:,, VOL. LVin, JULY SA. 
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furnish only about 10 per cent, of the fat intate* Beef contributes 
almost exactly tbc^same percentage. The four commodlHes named 
together furnish nearly 87 per cent, of the total fat intake. Only 

cofTmurm m mm 



Fic. 8. Diagram showing the pflrceiitage pf the total rarbohydratc con- 
sumed tn the United States contributed by e^tch of 23 commodities. The 
solid bars denote the average consumption m the six ^-ears preceding our 
entry inlo tbe war. The cros$-hatdied bars denote the consnmptioti in 1917 
and igiR 

ont Other conunodity group —namely, potdtry and eggs—furnishes 
more than a per cent normally. 

In 1917-1S there arc some changes of stgttiRcance in the relative 
position of the commodities as fat contributors. The first four 
items, pork, dairy products, oils and beef, stand in the order 
in 1917-18 as in the six years preceding, Nuts moved up in 1917- 
18 to the fifth place from the seventh, which they had occupied 
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Fic. g. Diagt^ showing the percefitage o£ ihe total cfiergy value of Uie 
food consumed in the United States contributed by each of 23 commodities. 
The solid bars denote the uveragt conjumpttDn in the six years preceding our 
enlry into the war. The cross-hatched bars denote the consumption in 1917 
and 191&. 

lD€:fore. Oleomargarine moved from the tenth place to the seventh. 
Corn, in spite of the increased consumption in igij, dropped from 
the sixth place to the eighth in percentage contribution. Twelve of 
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the grc^t conimodity groups before our entry into the war, and thir¬ 
teen in 1917-18, contribute less than i ptr cent, to the total fat 
intake. 

In carbohydrate consumption wheat stands at the head of the 
list with over 24 per cent, normally. The sugars stand second with 
about 26 per cenLj and com with il stands next* These three com¬ 
modities, together with potatoes and the d^iry products, contribute 
akr^ether 90 per cent, of the carbohydrate intake. There Is no 
change in the relative position of the commodities falling in the 90 
per cent, group in 1917-18 as compared with the average of the sbe 
preceding years, 

A noteworthy feature of this Table XI., dealing wdth carboby^ 
drates is the relative position of the sugars. Many persons regard 
sugar as a pleasant but not essential part of the dietary'. It is ob¬ 
vious enough that this is a mistaken point of view'. Any commod¬ 
ity which furnishes nearly 26 per cent, of the carbohydrate intake 
of the population must be regarded as an iniportant essential To 
get an idea of the importance of the sugar relatively it is only neces¬ 
sary to compare it with some of the Items farther down in the table. 
For example, w^e see that the sugars contribute more than tiyenty 
times as much to the carbohydrate intake of the nation as does rice. 

In Table XIT we get a summarized view of the general nutri¬ 
tional importance of the several food commodities, because here we 
are dealing with the energy content as measured tn calorics. The 
order of the products in this table may be taken as the general order 
of nutritional significance of the great staple foods in this country. 
Wheat stands at the head of the list, contributing nearly 26 per cent, 
to the total Pork comes next with normahy t 6 per cent., and 
dairy' products third with 15 per cent,* and the sugars fourth with 7 
per cent. Then follow com, beef, the vegetable oils, polmtoes, poul¬ 
try and eggs. These nine commodity^ groups together make up 
over 91 per cent, of the total nutritional intake of the population. 
The smallest contribution lo the total nutrition is made by oranges, 
furnishing about Ho of l per cent, to the total Bananas and fish 
furnish only about Ho of 1 per cent, of the total, and ry e and rice 
only a little more. 

The changes in 1917-18, as compared with the average in the 
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six prece<Iing y«rs/as sHoami in Table XII., are extremely inter¬ 
esting'. The figures show in much more detail than any that we 
have had hitherto the precise effects of the conservation and sub¬ 
stitution can^paign of the United States Food Administration during 
1917-18. While wheat normally contributes 25,9 per cent, of the 
total nutritional intake (as measured by energy value), in 1917-lS 
it contributed but 21.9 per cent. To go farther down the table, rice, 
which normally contributed but 0.6 of l per cent, to the total nutri¬ 
tional intake^ contributed l per cent, in 1917-1S. 

The changes in consumption, as indicated in Table XII., arc of 
such great interest that it is worth while to examine them more in 
detail To this end a table on the same plan as Table VII. is shown. 

TABLE XIII. 

Showing the Cuanchs ix Food CaxsuMPrroN ix the Unitei] States in 
1017-18 A 3 OoMPAKflD WITH THE AVERAGE AITXUAL CoXSUMPITOK OF 
Six PHECE&IXG YeaHS FOK 23 STAPLE HoMAX FdODS 

(Mnuoxs OF Caloeies), 



iHCftaJ* of C™- 

piimlMwti iA 
Oi«r 

\ * 3 J- AttfrlKt. 

j Oeer«i*e oT Cbr- 
b& 

141.7-il Uadcff 
| 4 >VcKrAv«fdir. 

Incnuc. 

FftXfDMgB 

Wheat.............. 

i — 

34635,330 

— 

TO.So 

Pork... ........... p..... 


— 

.69 


Dairy product^-.......... 


— 

5-93 

— 

.. 

74 ^rB 3 A 


4*33 

— 

Ccim+ 


— 

19.66 


.. 

= 54^547 

— 

3-36 


Oila ... 

i|6tp$3S 

— 

! 9I3 

.—. 

PdtOtiCKfi. ................ 


— 

2.1.95 

_ 

PouUr)' BJid egga. 

37-951 

— 

t.07 


Other vegetable? 


■— 


— 

Applca. .^ ^. 


198,396 

— 


Nuts. 

1 , 046.077 

— 

19.07 


Legumes. ... 

560,784 


S 3.92 

_ ^ 

Other cereal^ 

1^034,567 

•— 

115.8* 


Other fruiUp. .. . 

mm 

— 

74 .t 5 


Mutton,., .. 


337 .S 34 


36-63 

Rice- --....._ 

boOphog 

— 

7 fiJ 3 


Rye.. 

7 * 9.345 

— 

120,13 

— 

Oleomargarine. 

<^^37.874 

— 

115.69 


Fish 


TpQ^O 


.30 

Baruinai 


69.749 . 

— 

17.29 

CiK^r . . 

306,172 

— 

lj.54 


Orftng« __ 

'— 1 

451.381 


32.61 

Total not lucruw+ k . 

6.^88,444 


5 -jo i 

— 

PopuIntJou 

5 , 66 j, 97 fl 1 

— 

57 J • 

— 
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The data of Table XIII. are e^chibited graphically in Fig, lo. 
In this diagram the total length of the bars from the O line shows 
the total percentage increase or decrease in consumption in 1917-18 
as compared with the preceding six yeat$. The cross-hatched por¬ 
tion of each bar shows the percentage increase in populatioUp and 
therefore the part of the increased consiiniption to be expected as 



Fn* 10* Showing the percental increase or decrease in consumption m 
191?-! 8 as compared with the annual average of the six years preceding. For 
explanation see text. 


a re$ult of population increase. Where the black bar is below the 
top of the cross-hatched population bar it inea.ns a conservation. 
Thus the true conservation on wheat amounted to 10.80 + 5,73 
= 53 cent, of the normal average consumption. 
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The table and diagr^jn bring out very dearly the effectiveness of 
the Food Adnainlstration^s campaigri for couserv^ation and substi¬ 
tution in foods. It will be noted at once that the commodities show¬ 
ing great increases in consumption in 1917-18 over the preceding 
years are^ for the most part^ those which the Food Adminbtratioti 
ur^ed to be stibstitutcd for articles of which the supply less 
abiindantp and for which the needs of the Allies were greater. 
Thns^ rye, vrhich constituted the most popular of the substitiiEes 
for wheat in the public mindp show$ the greatest increased consump¬ 
tion in 1917-1S. Ktxt to it stands the Other cereab"' of our 
classIhcatioUp including barley and buckwheat. Nuts, rice and the 
v^etables generally show" increases beyond the population increase, 
showing that the people veiy generally follow^ed the suggestions of 
the Food Administration to consume more of these products and 
save w^heatr The articles on which the Food Administration most 
strongly urged conservation—namely, wheat, beef, muttonp pork 
and the sugars—all show' either a consumption actually below the 
normal a\"crage, or else a very slight absolute increase w'ell below- 
the population percentage increase. In either case a real and sub¬ 
stantial conservation is* of coursej shown. The decrease in con¬ 
sumption of the most popular fruitSp orangesp apples and bananas 
is largely if not entirely explained by high prices for these products. 

We get now' to the most interesting stage of any discussion of 
food* namely* the per capita per day consumption. Calculating the 
results on this basis puts them in a form where we may form a 
belter judgment of their meaning and compare them with accepted 
dietary standards. In this connection it is to be remembered that 
hitherto we have had no careful studies on a per capita basis of the 
actual nutritional intake of the population as a w’hole. All dietary 
standards are based not on the actual practice of the w'hole popula¬ 
tion, but rather upon dietary studies made on restricted groups of 
selected individuab. ^\Tl^le a very large number of such studies 
have been made by the United States Department of Agriculture 
particularly from ten to tw^enty years ago, it must be obvious that 
since such studies are made on selected small groups they can only 
inferentially give any picture of what is taking place in the popula¬ 
tion as a w'hole. The theory of random sampling makes it clear 
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that any inierenct from ditrtary stiidieSp as they have been carried 
on, to the whole population rests on an exceedingly dublom founda- 
tion. It will therefore be of great interest to compare the results 
of the present careful investigation of the population as a whole 
with the results of previous dietary studies. 

In reducing consumption data to a per capita basis it would ob¬ 
viously be foolish to take the actual total population as a base, for 
the reason that the amount of food consumed changes with the age 
of the individual, particularly in early life. On account of this fact 
the usual practice in computations of this kind is to reduce, not to a 
per capita basis, but to an adult man basts. In doing this a frac¬ 
tional factor is used to multiply the number of individuals of certain 
lower ages, the magnitude of the factor being proportional to the 
relation w^hidt the nutritional intake of the individual at the younger 
age bears to that of an average adult man. 

fn the present study the following age-intake factors have been 
used: 


in Ycftrt, 

0-3 

6 "1J 

14-1S, male , 
femak .. 
igorip ttiale .... 
IpocL, female .. 



0^3 


i.oo 


The mau factor values here used have been adopted after care¬ 
ful study of the subject. They differ in detail somewhat from those 
adapted by English physiologists Ln similar calculations, but in the 
net end result come to much the same thing. 

Applying these factors to the total population of the United 
States, and assuming that the age distribuiion of the population Is 
the same in each of the years studied, we get the population in terms 
of adult men as set forth in Table XIV, for the midyear point of 
each of the years included in this study. The population equiva¬ 
lents in Table XIVT are used for the base for the pet capita per diem 
calculations which follow. 

Before entering on the detailed discussion of per capita con¬ 
sumption figures it 1$ well to recall a fact which i$ liable to escape 
attention, unless special attention is called to it. This is the fact 
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TABLE XIV. 

F<l»irLATI 09 « OF COSTiSENTAl. UmTED StATSS IN TeSHS OF AdoIT MCN, 


P«pttlAtC«A EiavivKteac Is. 

Year. Adi3Lt Mrti, JiitiUadY I. 

..... 7 g.s 7 ifl(» 

igi3 . 80^30,000 

IQ14 ...... 82.289,000 

1913 .... 83,648.000 

1916 ...... a5.007.OM 

1917 ......86,366.000 

1918 ..... 37.734/BCi 


that the final figures in this paper, which are called ‘'consumption 
figures," really include something more than consumption in a nutri¬ 
tional sense. They include the food actually eaten plus that which 
is wasted by loss in cooking, in garbage, etc. It is necessary to be 
entirely clear on this point. In calculating the nutrients in the in¬ 
termediate calculations use has been made of factors which allowed 
for incirftWe refuse, so that all of the inedible portion of the foods 
as produced or imported have already been deducted in our calcu¬ 
lations up to this point. Furthermore, gross losses from storage, 
spoilage, transportation, etc., have been deducted. Even after all 
these deductions have been made, however, it is obvious that there 
is still a considerable amount of loss and-wastage of strictly edible 
material, which might be saved and consumed under a thcoTelically 
ideal system of preparing food for the table plus a conscientious 
ingestion of cvciy bit of edible material. Of course, as a matter of 
fact, neither of these theoretically ideal conditions at all prevail. 
There is a considerable loss of nutrient values in the process of 
cooking as ordinarily practiced. This loss is undoubtedly greater 
for fats than for any other of the nutrients. It Is a troublesome 
and timc-consunung process for the housewife to conserve and 
utilize aU of the fat w'hich gets melted and floats about in the water 
in which foods arc cooked, or adheres to the utensils in which they 
are cooked. Nor, in the minds of most people, is there any neces¬ 
sity or desirability of saving this fat. In fact, a great many people 
in this country object very strongly to what thqf designate as 
“greasy cooking." Consequently, floating fat of soup stock is 
skimmed off and thrown away in the vast majority of instances. 
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Tht result is that in calcuUitions made in the way those of this study 
have been made, which include the total mitrient value in the edible 
portion of food materials, after deducting inedible waste and 
the losses which accrue up to the time the food reaches the con¬ 
sumer, there is bound to be an apparently high consumption of 
fats. The figures here presented are really statements of consump¬ 
tion plus edible waste and should be so regarded. 

Another important factor Is that of edible waste in garbage: 
that is CO say, the uneaten portion of the prepared food which is 
edible and might be consumed, but is not for reasons of taste, over- 
estimation of ingestive capacity, etc. 

It is quite impossible to arrive at any accurate estimate of what 
the amount of losses of nutrients in cooking and iii avoidable wast¬ 
age of edible material is. On the first point it would be extremely 
difficult ever to gather accurate data because the practice of house- 
w’ivcs and cooks varies so enormously in this regard. That a great 
deal can be accomplished in reducing the amount of edible material 
going into the garbage can has been demonstrated with both the 
civilian and the Army population of the United States during the 
past year/'' 

The recent study of Murlln {he. cU.) gives the data regarding 
edible waste obtained from the nutritional surveys of the training 
camps. The average figure for 213 messes show that y per cent, 
of the protein supplied was wasted, 9 per cent, of the fat and 6 per 
cent of the carbohydrate. Because of special conditions surround¬ 
ing the investigation, how'ever, and because of the differeuces of 
camp life, these figures are not at all applicable to civilian conditions. 

Looking at the matter from the najtional point of view', it seems 


probable that of the protein in human foods left iu the country for 
consumption in the statistical sense, it is sale to say that 5 per cent. 
Is lost in edible wastage; of the fat left in the country for consump¬ 
tion as human food, it is believed that at least 25 per cent. 1$ lost 
through wastage. This figure seems large, but it probably under- 

Pearl, R., “ Stitisdcs of Garba^ Collection and Garbage Grease Re¬ 
covery m .American Cities," /e,«r. h,d. Ettg. Ghent.. Volume lo, pa~ 027 (c.ft 
J H. " Di,. .f U, s. a™, 5,Wi.r i„ , 1 .. 
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estimates rather than overestimates the faet. Of the carbohydrates, 
probably there is 20 per cent, of edible wastage. 

The total statistical consumption (ingestion plus edible wastage) 
of human food in the United States, by years from 1911 to 1918, 
is shown on an ** adult man "* per capita basis in Table XV. 


TABLE XV. 
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Applying the estimated percentage deductions for edible wastage 
stated above to the per capita average for the \vhole period we have 
the following results for ingested human food; 

114 grams protein per man per day* 

127 grams fat per man per day, 

433 grams carbohydrate per man per day, 

^424 calories per man per day. 

These figures are probably ver}"' dose to the fact as regards pro¬ 
tein and carbohydrate. They arc undoubtedly somewhat too high 
still as regards fat^ because the edible wastage of this component 
is higher than the 25 per cent, used- The intention, however, has 
been to use the most conservative figures in estimating waste. 

For purposes of comparison Table X\n. is inserted. This table 
is based upon certain American dietary studies analyzed in the 
Avritcr^s statistical laboratory. 

The general agreement of these results with those set forth in 
the present study»which were reached by totally different procedure, 
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is evident. The statistical estimate o£ per capita protein consump¬ 
tion over the whole population is distinctly higher than in this smaQ 
group. The fat consumption is higher but not by so large ad 
aniount as protein. The fanners and professional men show a 
higher net energy intake than the general average for the whole 
country, w^hich would, of course, be expected. Mechanics are a 
little lower than the average for the country in energy^ intake. 

Iti any case there is one fact w-hich must not be lost sight ofj 
namely, that while the figures of Table XV. dp in fact represent 

TABLE XVI. 
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ingestion aud waste, it still is true, and the constancy of the figures 
in successive years proves its truth, that to maintain naturally a 
contented feeling in respect of nutrition the population actually u&es 
up the amounts of nutrients indicated in Table XV. To make these 
gross consumption figures materially Jess would require a profound 
readjustment of the dietary^ and culinary habits of the people, fixed 
by centuries of usage. Discussion of the minimum protein, fat and 
carbohydrate requirements of a nation are in considerable degree 
academic if they base themselves upon net consumption rather than 
gross consumption. A considerable excess over any agreed upon 
minimum physiohgkai requirements must always be allowed, be- 
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cause ihere wiU inevitably be, in fact, a margin between actual gross 
consumption and net physiological ingestion or utili^tion. The 
present study, through the figures summarized in Table XV. gives a 
clearer and probably more nearly exact picture of what this niargin 
beiw een net and gross consuniption must be, in a population of the 
habits of the American people, than has hitherto been available. It 
may w ell be theoretically true that a man needs only 75 grams or 
50 grams of protein per day to sustain Hfe and health^ but in actual 



Ficl II. Diagram showing the energy' value in calories of the gross con-sunip" 
tion o£ human food, per adult man per day. 
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fact the Amencaii man uses up, in one way or another, about 120 
grams a day* Furthermore, if the last seven years' experience is 
any ciitcnon, he wiH continue to use up about 120 grams per diem 
until such time as his general habits of life arc in some manner 
rather profoundly changed. Doubtless they can be changed. But 
until they aret one must count on supplying about 120 grams of 
protein per day to each man equivalent component of the population. 

The data of Table XV. for calories are shown graphically in 
Fig* II. 

From this diagram it is apparent that there has been only a very 
slight decrease in per capita gross food consumption since 1911. 
Even this probably does not mean that the population is catrng any 
less, but that because of the gradualiy rising prices through aU this 
period there has been a narrowing of the margin between gross and 
net consumption; or, put in another way, there has been a slight 
reduction in the wastage of edible foods. 

SuMMAav. 

In this paper are presented a portion of the final results of a com¬ 
prehensive statistical study of the consumption of human food in the 
United States in the period from July I, 1911, to July i, 1918. The 
results are expressed in terms of nutrients and allowances have been 
made for losses of edible material in storage by spoilage, in transpor¬ 
tation, etc.» as well as for inedible refuse, and losses in cooking, gar¬ 
bage, etc. The final net figures are helteved to represent with sub¬ 
stantial accuracy the course of human food consumption in this 
country during the period covered. The net result is to show that 
on a per man per day basis the consumption of nutrients in this 
population was extremely even and steady during the seven years 
covered by the investigation. The amount of total nutrients con¬ 
sumed decreased slightly in the period, but the decrease was insig¬ 
nificantly small. The conservation campaign of the Food Admin¬ 
istration produced notable changes in 1917-18 in the proportionate 
contribution of different classes of food materials to the total nutri¬ 
tional intake. 


SELF-LUMINOUS NIGHT HAZE. 


By E. R. BARNARD. 

(Riad April 

In the Proceedings of the AnuTican Phihsophkal Society, Vol. 
50 (191 i)p p. ^46, a paper was contributed by the present writer on 
the subject of "Self-Luminoiis Night Haze/' where observations 
were given of a kind of luminou^^ streaky haze seen at night in 1910 
and 1911 which seemed to have no connection with the ordinary 
aurora. Apparently this is a Httle-known phenomenon. It is well 
worthy, however, of record and study. The 011I3" reference to it 
that I have found, and it was not known to me at the time of niy 
pre^nous paper, is an account 0! what was prc^ably the same phe¬ 
nomenon by T. ’\\^ Backhouse^ who gives occasional records of it 
in a long paper on the aurora, under the name of “irregular au¬ 
roras/’ as far back as December 13, 1862^ I will quote his entire 
reference to the phenomena as given in No. II, p. 109, FHblicQtions 
Qf IVest Hmdon Hotise Obsen-ai&ry\ Sunderland, England. "" irr/ 
means a night when the aurora was only an irregular one, not per¬ 
ceptibly of a magnetic character; I do not know w'hether these are 
true auroras or not They' consist of bands and patches of liglitt 
the positions and direction of which have no particular relation to 
either the magnetic declination or dip; they appear to lie in a hori¬ 
zontal stratum;, but differ from clouds in being self-luminous and 
transparent, and also not exactly like any kind of cloud in appear¬ 
ance, and I should think they are at a greater heighL They do not 
appear specially in the north. As auroras of this class are always 
faint, their spectrum proves little; but I have never made out that 
IE was more than a continuous one. An examination of this table, 
how'cver, shows that these irregular auroras arc more frequent about 
the time of the maximum of sun-spots than at the minimum, which 
goes tow'ards proving that they are of the same magnetic nature as 
the ordinary auroras/' Mr. Backhouse did noE seem to notice that 
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Ehi5 luminous tmitter is perhaps only ordinary thin haze which^ from 
an unknown cause, is sonietinies luminous at ni^ht I believe this 
same haie is aUo present in the daytime. 

In my previous paper to the Society attentian was called to the 
fact that the objects observed by me did not seem to have any con- 
nection with the luminous night clouds of O. Jesse of twenty-five 
or thirty years previous. His objects were at very great altitudes, 
some fifty-two miles above the earth^s surfaceg and were visible by 
direct sunlight which shone on them long after it had ceased to 
illuminate the ordinary clouds. They were therefore noE self- 
luminous, They were only seen at the limes of the equinoxes. 
The present observations refer to objects entirely self-luminous 
w^hich are seen in all parts of the sky w'here sunlight could not reach 
them, and appear to be at no greater elevation than the higher clouds. 
It is only during short periods that the luminous condition of 
this haze seems to be of frequent occurrence. Apparently it tviU 
be absent for a year or so and then for a short time there will be a 
great amount of It. In igit there were frequent displays of it 
during the spring, summer and autumn, but from 1911* September 
22, until 1915, July 2, I have no record of it^ though a lookout was 
ahvays kept for it. It was frequent in the summer and fall of 1910 
and also in the spring of 19IL Its prevalence seems to be inde¬ 
pendent of any auroral conditions. There are a few^ records of 
aurora when the haze was present, but only one case in which a 
large auroral disturbance seems to have been nearly coincident with 
iL One is impressed with the idea that it is not necessarily an au¬ 
roral phenomenon and that an appearance of it during an aurora is 
perhaps purely accidentaL %Yhethcr this luminous appearance of 
what is undoubtedly haze, is due to electric conditions or to phos¬ 
phorescence of some kind does not seem elcar. 

Sometimes it appears in rather tiarrow strips several degrees wdde 
and many degrees long; sometimes the form is that of broad sheets 
covering a large part of the sky. Often both these forms are pres¬ 
ent at rhe same time. On one or two occasions I have taken it for 
the zodiacal light in the east until its morion revealed its true nature. 
When seen at the eastern horizon It has at times produced the effect 
of dawn. It is frequently brighter than the Milky Way. From 
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this H appears that the phenomenon Is really conspkuDO^ when seen 
under good conditions. It seems to have no preference for any 
special part of the sky. The motion is always easterly. The den¬ 
sity of this haze is not great enough to hide the brighter stars over 
which it passes. In fact, it does not differ from ordinary haze 
except in being self-luminous. There does not seem to be any fluc¬ 
tuation or pulsation in its light. Under proper conditions it is 
visible at all hours of the night and in all parts of the sky^ Some¬ 
times it is verj^ faint and has to he looked for; at other times it is 
conspicuous. Often the sky is verv- pure and dark bettveen sheets 
or strips oHt. It continues luminous as long as it is under observa¬ 
tion, which may he for a considerable part of an hour. It is pos¬ 
sible that the luminous nights meniioned, where no streaky haze 
was seen, were due to a thin uni forin sheeting of the luminous haie 
all over the sky. 

To make this paper more complete I have written to Dr. VV. J. 
Humphreys for information as to the name and nature of this ha^e 
shown on one of my day photographs. He has kindly supplied me 
With the following: 

The streaky haze lo whkh you refer is the drro-stratuH doiid. Neat 
itie edge, ^here it is thin, it might better be called drrtis. 

There is iio sharp division between eirrus and drrc^stralui. The thin 
hbrous cirnis often gTadually thickens into a more or lesi continuGUS cloud 
veik or sheet, iti which form it h called cirro-stratus. 

Its average aUstndc in middle latitudes is S to lo kdometers. In higher 
latitudes its altitude is less, say 6 to 3 kilometers; and in equatorial regions 
roughly 10 to 12 titometers. 

It nearly if not quite alw^ay^ consists of snow er>'stalst as mighl be in¬ 
ferred from iia altitude and cotisequent low temperaturea, and as is known 
from the halos often seen in It. 

I am also indebted to Professor Eric P- Miller^ of the Weather 
Bureau at Madison, Wisconsin, for valuable data on the frequency 
of cirrus cloud in Wisconsin. Professor Miller &ays: 

You wtll leam from the data sent you that there is no part of the year 
when dm>-$tratus is absent: that k 1$ fairly evenly diatrihntcd throughout 
the y-ear. 

This information is important as it show'5 that if the cirro- 
stratus w^ere natumUy self-luminous should have luminous haze 
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more frequently at night. If there is no error in my identification 
of this form of cloud with the luminous haze, it would seem that the 
material must be frequently present, but that the cause of its lumi¬ 
nosity is much less frequent. 



The accompanying photograph shows the streaky haze (form¬ 
ing the background for the cumulus clouds) to rvhteh Dr. Hum- 
pbre)'s refers in his letter and which the present W'riter believes to 
be of a similar nature to the haze that sometimes is luminous at 
night. That shown in the photograph ivouM doubtless be so dense 
as to blot out the stars at night. Unless, therefore, the haze were 
much thinner at night it could not be the same. I have seen in the 
day time a thin gauzy streaky haze, sometimes in large sheets, at the 
time that the regular denser cirro-stratus clouds were present. 
These would more readily represent what I refer to as luminous 
night haze. This I infer is still some form of the cirrus cloud. It 
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is very miportaBt that no mistake be made in the identification and 
1 therefore would call attention to the objection to the denser form 
of cirro-stratus. This photograph, therefore! represents a denser 
conditroR of that cloud and would probably obliterate the stars at 
night. 

In the previous paper (mentioned before) there is a suggestion 
that the probable passage of the cartli through the tail of Halley's 
comet had something to do with the luminous condition of this 
haze, because it made its appearance very scicm after that event. 
With the later in formal ion there Ls now no need to call upon the 
comet for an explanation of the phenomenon. 

Following Is given a continuation of my records of luminous 
haze. The times are Central Standard Timc^^ vihich is 6^= slow 
of Greenwich mean time, 

1911^ June ly. Traces of it were suspected before moon rise* 
but not certain. 

.Aug, 28, 10^ 15™. Masses of it were extending over the bowd 
of the Great Dipper- They were irregular and very extended to 
the right and left of the Dipper, The motion was slow, to the right 
horizontally. At 10^ 35“ it extended the full length of the Dipper 
and 15* to the right and 10° to the left of it; visible for some time 
and feebly luminous; steady in its light. At 14*^ 35™ there was a 
long, rather brighc luminous strip 4* wide extending along the bowl 
and handle of the Dipper; horizontal and quite bright. This w^as 
perhaps auroral. A fe^v minutes later it had gone.- Ko other signs 
of aurora^ 

Sept. 15, 9^ 15™. Bright auroral streamers from below' the 
horizon, but no arch* In various parts of the sky there were broad 
streaks and areas of luminous haze. Several very long, broad 
strips through the Dipper extending east and w est. .At 9^* 25™ there 
were thin sheets of it all over the skjv one passing over Brooks' 
comet which I was photographing, and another one parallel to the 
first 5* north of it* They extended east and west and were drifting 
northerly. At 9^ 55™ there w'erc great streams and areas of it w ith 
dark spaces between. Tliere was a little auroral light low- in the 
north. At 10^ 10” the two long masses of haze had drifted north. 
There w'ere masses of it all over the sky, specially to the south- 
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Possibly there was also a slight auroral light, but it was mostly 
luminous haae. This was the most striking display of luminous 
haze I have seen. In the intervening spaces the sky was pure and 
dark- The aurora seemed dead at moonrisep when I stopped the 
exposure on the comet- 

SepL i6p 30™. The sky in the southeast w as luminous nearly 
as high a$ Gamma Pegasit like approaching moon rise. Tliere w^as 
no streakiness in the sky, but I think there was uniform luminosity. 
The sky w-as not like that of the night before. Mo aurora at any 
time. 

Sept. 22 , (0^ 0^* There w^ere great broad and extended masses 
of luminous haze over the northwest with clearp dark spaces be- 
hveen. Great areas of it were also present south of the zenith. Xo 
aurora. 

igi5, July No aurora^ but the night was uniformly luminous. 

July J2, 30r™. Ko aurora. Luminous haze for 10*^ below 

Polaris to Gamma Ursse Majoris. A feeble sheeting of it extended 
to the north horizon; its upper edge was quite definite. Above it 
the sky was dark. No aurora. This haze seemed to be confined 
to the region described. The other parts of the sky were free from 
it- At 50™ the luminous haze had drifted to the right and 
toward the horizon. It tvas then horizontal and about 20° below 
Polaris. Above it the sky W'as dark* while below it ivas a$ bright 
as the ^.iilky Way to the right of it. At 12^ 25” there seemed to be 
more of this, especially to the left of and below- Jupiter There 
w^as no aurora. The sky was not ver>' pure. 13^ cf°: In the eastt 
all about the stars in Aries was a large luminous region almost as 
bright as the ^lilky Way; very large, like a great d;ffu,scd doud. 
There were no fluctuations in its light. At 13^ 30^ this haze was 
about, above and to the right of the Pleiades, It was as bright as 
the Milky Way, It was large and almost like dimly luminous 
clouds. Tliere seemed to be a considerable amount of it near the 
Great Dipper and to the right of the dipper under the pole. 

1916, Feb. 2, 14^ 2Cf*“. No aurora, but the sky very luminous—a 
luminous night* The brtghmess increased near the horizon. 

Aug. 6 p 13*' 30^* There was a region of luminous haze under 
the pole which seemed to be densest 5“ above and 5* to the right 
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of Alpha Urs* Majoris. There did not seem to be any evidence 
of ordinary aarora, but this must have been auroral. It looked as 
if a feeble ntoonlfght were shining on large hazy clouds. 

Dec. 4» SO«. Horizontal strips of luminous haze parallel 
with the horizon under Cassiopeia in the northwest. Sky whitish 
everywhere, but no definite aurora, itf": Like dim dawn all 
under Cassiopeia. It consisted of sheets and strips of thin haze, 
like hazy clouds illuminated hv a quarter moon—very' noticeable. 
This was drifting toward the northeast. .At 16** 57" the upper defi¬ 
nite edge of this haze passed just below the Pleiades. It was 5* 
below and extended 20“ to the right of Cassiopeia to under the 
Hvades. At 17'* 10® it was nearing the northwest horizon, Ihis 
was the best specimen of luminous haze in many years. 

Dee. 21, S'* 40". There seemed to be a long horizontal strip of 
luminous haze 3“-4" wide passing through Zeta Ursa? Majoris. No 
regular aurora, 25": .A considerable amount of broad luminous 
haze west of the previous strip. 

19J7, Aug: 10, 9^ 18"*. Large faint auroral sireamets from the 
north horizon. 9’^ 34“: Several slender auroral streamers. lO^ 
qo™; I-arge areas of luminous haze in the east and near Beta Urs«e 
Minoris. ro” 57”: From the east horizon up to .Alpha Arietis was 
a great sheet of faintly luminous haze slanting upward at the south 
end- .A large area of luminous haze through Beta Urs* Minoris 
to the north horizon, several degrees wide. Feeble luminous haze 
in high east sky. There were dark areas of pure sky free from 
luminous haze. .Another feeble luminosity in the low north. There 
were no auroral streamers. By 11^ 20® the luminous haze had 
drifted to the east of Polaris. Large areas of it alt over the sky. 
It could be Seen though the moon was up. (iloon last quarter 
.August 9-) This luminous condition tvas not due to moonlight. It 
was the regular luminous haze seen in previous years. 

A»^. 15, S'* 50®, Some masses of luminous haze. .A great 
V-shaped portion with one broad leg through the Square of Pe¬ 
gasus, and the other 10“ south of AUair. They' met near the hori¬ 
zon south of the square of Pegasus. These were perhaps 'Teft 
overs " from the previous night's aurora, but there was no trace of 
aurora to-night. .At 9^ 55" the great stream of luminous haze lay 
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between Cassiopeia and Perseus, and was io“ under Polaris. It 
was lo* broad. Another ran through Alpha Cassiopeia and met 
the first near the southwest horizon. There were several streams 
of it from the interseclion running upwards. These w^cre as bright 
as the ^lilky Way near Alpha Cygnt. The sky between was very 
clear. At 110^ the Luminous band in the northeast was bet^vecn 
Alpha Persei and Capella. It was bright—^brighter than any part 
of the ^lilky Way. There w ere many less bright strips to the east 
of the zenith. Ko aurora. (On August I4 there was a Large au¬ 
rora.) 12^ 45*“: All the sky except overhead was unequally covered 
wuth luminous haze. In the cast and northeast there were great 
long streaks of itp 10° or tiiore wide. Also in the south. This w'as 
as bright as the ^Itlky Way. It was very strikingly dark where the 
sky show'cd betw'eeu. 

Aug^ 16, 10^ o^. A very feeble glow^ low in the north, like a 
very faint aurora^ No luminous haze to-niglit so far. At 10^ 2 <^ 
there w-as a broad strip of luminous haze running from Altair east 
by north through a point in a 32^ 2cr, £ o^. It w^as 10° broad and 
quite noiiceable when looked at for a feiv minutes, ii^ 40"^: 
Strong aurora with streamers and ver^^ low^ arch, : Aurora 

not very active, but strong glow\ At 12'' 50^ there was only a 
strong auroral glow’. 

Aug. 18, 10“ 55““. No aurora, but sky luminous; perhaps some 
luminous haze in the south. 52“": East edge of a broad sheet 
of luminous haze passing over Alpha Arietis. 15^ 58'^: The south 
edge of this was passing the Pleiades. 16'' 2“; East edge over fu- 
piter, 16^ 23“^: It was now' massing up into liEtle patchy clouds. 
There w as a great amount of it all over the sky. It was pale white. 
There were some dark clouds lower in the east against the dawn. 

Aug, 19, 10*^ 15” to 10^ 45*". ].ooked carefully for luminous 
haze, bin none was visible. Sky very rhickish; Milky Way very 
dull 15*^ 15™: Sky very dull. No luminous haze or clouds. 15^ 
33 ^- No luminous haze^ Sky thiekisb; S]>ecially thick over lupiter 
and the Pleiades. Soniemisty haze—not luminous. Some zodiacal 
light at is'' Some feeble luminGu^ haze above Jupiter and 

the Pleiades. A great deal of dark haze; a long mass of lE was 
probably feebly luminous in Cassiopeia and evidences of it at a 


barnard-self-lumixous night haze. 


S 31 


number of other places. 15^ S 0 “’ There were streaks and masses 
of haze feebly luminous near the Pleiades; some strong strips and 
great sheets of it all over the south. *l hese were not self’■lo.tninous, 
but were all brought into view, evidently, by reflecting the first 
feeble dawn. They were, however, beyond question the same stuff 
that had recently appeared luminous at night, 

Aug. 24, 12’* 5tf“. No aurora. There were horizontal strips 
of luminous haze through the upper part of the Great Dipper with 
a clear space below them, w'ith more luntinous haze lower down. 
Great long masses through Hercules with clear space below; then 
more of it to the northwest horizon, 14“* 30^: A rather strong 
strip of luminous haze just above the handle of the Great Dipper 
in the north. There was also a horizontal strip across Vega with a 
clear space below it. No aurora. The sky wdiere there was no 
luminous haze was very clear. 15'' S®“ ■ aurora. 

Dec. 21, 14*' loi". No aurora. 14'^ 44": No aurora. I noticed 
a little later tvhat appeared to be a strong zodiacal light passing 
throt^h Spica in the southeast at 14“ S 7 “: this proved to be an 
extended luminous haze, .^t 15'* 30* the upper part of it passed 
through -Alpha and Epsilon and Beta Crateris and Gamma Hyclr». 
The upper edge w'as rather definite. The whole mass extended 
front the east horizon to beyond Crater. The motion of all this 
was to the southeast. The sky was dark below Spica to the edge 
of the haze. There was much very diffused light extending above 
Spica for 20“ or more. 16' 25“: -A diffused luminosity like dawn 
all along the southeast horizon and upwards where the luminous 
haze had drifted, no aurora. 17'' S“: There was a dattm-like light 
all about Alpha.and Beta Librae, i-” 30”: aurora. The zo¬ 

diacal light was veiy strong. No luminous haze anywhere. This 
exhibition of luminous haze w'as very noticeable. .At first it w'as 
taken for the zodiacal light and thought to be unusually bright, but 
it drifted to the southeast and disappeared before the zodiacal light 
manifested itself. The light of the lumiuous haze was soft, like 
that of the zodiacal light, hut stronger, and there was a rather defi¬ 
nite edge to it. There was no evidence of aurora at any time, 
though looked for carefully. Inhere was no other luminous haze. 
Ill is was extended from the east horizon to above Spica at first, to 
the southeast, almost horizontally, beyond .Alpha Crateris. 
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1918, Sept. 2, 9I’ 17*, A strip of luminous haze 4“ wide ran 
diagonally across the Square of Pegasus from Beta and beyond 
Gamma Pegasi. c/' 24”: A similar mass ran from the Dolphin to 
.Alpha Pcgasi. No aurora. lo?* 35™; No aurora. A region of 
luminous haze over the handle of the Dipper in the northwest. 
There seems to have been a great deal of it on this night. 125“; 
Luminotts haze all over the north; a great sheet of tt with clear 
spaces here and there. No aurora on this night, but a great deal 
of luminous haze. 

Sept. 8, 9^ ^CT, At this time there was a great deal of luminous 
haze alt over the northw-cst, as high as 4“ or 5* above the Dipper. 
It was quite strong. A long strip of it 5* wide extended from 
above Gamma Pegasi to Arles. Though there was no aurora on 
this night, there was a great deal of luminous haze, 

Oct. 5 > IS** 30^• The sky was luminous. There was no aurora. 
It was about as bright as if a quarter moon were, say, in the west. 
It was uniform and was apparently not the regular light of lumi¬ 
nous haze. Could readily read my watch by this light. The Milk-y 
Way was %’cry dim with it. 

I have gone to some length in the descriptions and locations of 
the masses, etc., of luminous haze because so little is known of the 
origin of its light that it is believed the observations may sometime 
be more important than they appear to be at present. 

The following tabular scheme will roughly show the frequency 
of luminous haze as indicated by my records. The numbers indi¬ 
cate the tiumber of nights on which it was seen during the month. 
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seem to be the only months in which the haze was not observed. It 
was not seen during the years 1912* 19 ij and 1914- Th^ greatest 
amount of it was recorded in October, 1910, and August,^ 1917^ 
The first half of 1910 must not he considered because the haze was 
not noticed until June and as it was not looked for it may have 
been present. 

A strict comparison cannot be safely made between the fre¬ 
quency of htmtiious ha^e and that of the aurora by noting the rela¬ 
tive number of nights on which they w'ere visiblej. because often 
auroras appear in the presence of bright moonlight in which the 
luminous haze would not be visible. Nevertheless, it may be im¬ 
portant to have even a rough compariBon+ For this purposoi there¬ 
fore, I have collected the following dates on which auroras were 
seen, which covers the entire period over w^hich the luminous haze 
has been under observation by me. They are from my own records 
of the aurora which 1 have kept here for over twenty years. The 
dates alone are given. A [?] means unceminty as to whether the 
observ'ation was of a real aurora. Some of the auroras are of very 
short duration and bence the apparition of an aurora on the date of 
an observation of luminous haze may not have been coincident wdth 
the latter by many hours. The details of the above auroral records 
will be published later as a continuation of the two lists already 
printed in the AstraphystCi^ Journal^ VoL l6:^ p. 135, S902 and \ ol. 
p. 20S, 1910. 
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GRAPHICAL REPRESENTATION OF FUNCTIONS OF 
THE ATH DEGREE. 


Bv FRANCIS K NIPHER. 
iR^ad Aprii 76^ /pfp.) 

It has been generally assumed that any algebraic symbol y> the 
exponent o£ which is unity, can only be properly represented graph¬ 
ically by a line. When the exponent is 2, the quantity y* has been 
assumed to represent a rectangular area, the four sides of which 
each have a length y. If the exponent is 3, the proper geometrica] 
representation was said to be a rectangular voimne. having six faces 
whose areas were 1 f the exponent were 4, the phiJosophic mind 
began to speculate on the nature of space having four dimensions. 
No definite sroliition of this problem having been reached ^ it has 
apparently been considered impracticable to consider the properties 
of space having six or eight or ten dimensions. 

During this period of uncertainty it has been known to students 
of elementary algebra that 

It has also been known that similar right triangles have sides whose 
lengths are directly proport tonal. This is illustrated in Fig. 1 where 
an arbitrarily chosen length is adopted as a unit of length. Its 
length in terms of the centimeter is unknown. Another length Is 
similarly chosen to represent yi, w‘here y is to be given a numericat 
value in terms of the chosen unit, but this value need not he deter¬ 
mined. 

These lengths having been laid off upon rectangular axes, the 
lengths y’^, y, y^, y% etc,, can be laid off upon the two axes by a 
wcll-knowm geometrical method. By means of three parallel rulers, 
two of w hich are linked to the third in the usual manner, the lengths 
unity and y may be first adopted and laid off on both axes, and the 
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lengths j 5 and yi can then be laid off. By means of two rulets 
m parallel, the length can similarly be laid off upon both axes. 
The lengths etc., can then be similaTly laid off ui^on the two 

axes. Since 


IX ^ ^ ‘ 


etc-r 


it is evident that any value can be laid off by purely geometrical 
methods. The exponents n and iii may be in decimal form and may 
range in numerical value from O.i to loO if the experimenter so 
desires, and all of these values may be represented by lines. 



Fig. a. 


Ill Fig. 2 we have a system of squares constructed on lines deter¬ 
mined by the method described above. The areas of the squares 
vary from to y^". The difference between the areas of the outer 
and the inner squares is 

This value is divisible by —y. The value so determined is 

v'* + v' + V* +f + V*+ y’' -f- y* + y' + + y- 

^1* _I- y mr h m' wr 

Multiplyttig both fnembers of this equation by — y, it imy be put 
into the form 



—r=y‘(i'*—y*) + y'(y*—y*) 

+y’(y‘—y) +y*(y^y) 

+ y*(y*“y*) + >’*( 3 '*—y) 
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>') +>■ b'*—y)- (i) 

_ yi 


The first two terms o£ the second member of this equation rcp^ 
fe$ent the area of the two outer rectangles between the two squares 


having areas 3’“ and 3? 


10 



These rectangles each have a width y* 
— and their combined length is 
>•“ + 3’^ The remaining terns 
represent the remaining strip areas, 
beriveen the squares and 

yi® y® 


Fig, 3 represents a cube, the 
volume within the outer surface of 
which is In the Iqnver left- 

hand comer is a cube having a vol- 
umo Eehveen these cubes are 
fifteen blocks filling the space be¬ 
tween tlie two cubes. If this cube 
w-erc to be placed upon the area fomiing Fig. 2^ each block wrhich 
stands 00 edge would cover a rccta^ngular area shown in Fig. 2. 
Dividing the difference between the volumes by y“—y as in the 
former case we have 


Fig. 3. 


- yl 

Multiplying by y®—y as before tbe resulting terms may be written 

+yy(y _y) 4,yy(y_y) 

+ yy»(y—y*) + yb'*(y*—?'*) -t- yV(y*—y) 

+ y‘y* (y*—yb + y*f (>■*—y*) + y*y* (y*—y*) 

+y“y’ (y—y') + y*y* (y—y *) + y *y^ (y*—y*) 

+.yy’ (y*—y ) + y’y (y*—y ) + y y (y*—y ). (a} 
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The first term in the second member of the equation represents 
the volume of the block at the rear of the cube Its dimensions 

are y^, y* and y*—The second term represents the voluine of 
the block on the right side of the cube The dimensions are 
y^ and The third term gives the volume of the block 

covering the upper face of the cube Tlie volunie of tbe three 
blocks i$ y^* — This will be the result obtained hy adding these 
three terms tc^ether. Each of these three terms may be given a 
very different interpretation. They are each a difference between 
two quantities. They are therefore each the difference betweeiv ihz 
cubes of two other quantities, 

^ 

This result shows that the volume of the block forming the back of 
the cube whose volume is is also equal to the volume of three 
blocks between the cubes and y*'. We may therefore wTite the 
value of this term as foUo^vs: 

^1^® _ -^1^ T - yii yi 

_j_ yfl 

In tills case the inner cube would have edges whose length is 
This length can be laid off on the three axes by purely geometrical 
means, as has been pointed out In the present paper. 

The second term of Eq. (2) , which represents the volume of the 
block on the right side of Fig. 2, may also represent the volume of 
three blocks betiveen cubes y'^ and y^“. The third term represent¬ 
ing the block at the top of the large cube may also represent the 
volume y‘*—y**. These nine blocks w'ould fill the volume occupied 
by the three outer blocks of Fig. 3, 

The thickness of the three shells filling the volume y^*—y^* is 
(j* — Of course, ail of the terms 

of Eq, (2) can be similarly treated, and the operation may be re¬ 
peated on the terms resulting. 

Equation (2) may also represent the difference between the 
areas of two squares, y‘* and y*, having sides whose lengths are ^ 
and y^. As the second member has an odd number of terms, the 
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final term is resolved into two terms by considering it to be the dif¬ 
ference between two squares having y* and The equation 
may therefore be written 

y—>■*( 3 '*—j *3 4 - 3 '*(y°— 3 ^) 

+ /(y—y") +y(y‘—yO 

H-y’(y'”y*) 

4 -y^(y‘“y“)+y“(y*-y) 

+ 3 ’‘(y‘—y0+y*(y*-y0 
+y'(y*— y'^) +y*(y*— y) 

+y(y*—y)+y(y*-y) 

+y*(y-3«) + y«(y*—y^). 

Equation ( l) may also represent the difference between the vol¬ 
umes and j* of two cubes having edges whose lengths arc y* and 
y’*. That equation may be written 

y **—y *=y*y * (y *—y) + y *y * (y—y') + yV {y *—y) 

+yy{y*—y‘) +y*,y(y—y=) +yy’<y’— 3'^) 
+y-y*<y*—y) +3*y (y*—y ) + y y (y'™y ) 

+3' y (y—y^) 4'yy^(y—y”) H-yV^Cy—y^)- 

Here the final term {y^ — y^) of Eq. (i) has been considered as the 
difference between the volumes of tw'o cubes having edges the 
lengths of which are y and 

The last equation may be written 

y^ity*)^—{y)*]+[(y)*—(.y)’]+i(y)*—y’j+iy-yi. 

Of course, this discussion does not in any way modify the phys^ 
ical or geometrical meaning of the units linear foot, square foot or 
cubic foot. A contractor who should order of dealers in such ma¬ 
terial feet of garden-hoae, 64 feet of sheet tin and 64 feet of 
sand or gravel, would not learn that any of his orders had been mis¬ 
understood. Possibly they might not he understood if he were to 
order 2* feet of each of these materials. 




THE CROCKER ECLIPSE EXPEDITION FROM THE LICK 
OBSERVATORY, JUNE 8, 1918. 

Some Eclipse. Problems. 

Bv W. W. CAMPBELL 
(Rtad April iS, imA 

Eclipse observers have always before them two principal ques¬ 
tions : 

What is the solar corona? 

Why does the sun have a corona ? 

It must be confessed that the best answers at present available 
are far from satisfactory and complete. We have established many 
important facts, especially as to the nature of the corona, but these 
are more or less isolated facts, with suggestions here and there as 
to the relations of the facts to each other, That the progress made 
has not been greater is due to the tantaliaingly short time available 
for observation. In the past tweoty-one years I have bad a total 
of twelve minutes in which to secure observations of the corona, 
and during four of those minutes—in Spain—the observations were 
made through thin clouds. 

It is not a narrow interest which directs our efforts. The corona 
is a part of the sun, and we Hian never claim to know what the sun 
is until we understand all parts of it, including the corona, and the 
reasons for the corona's existence. The sunspots, the facul*, the 
flocculi, and the prominences are undoubted evidence of great activ¬ 
ity of movement in the sun's outer strata. It seems not too much to 
hope that a thorough understanding of the corona will contribute 
greatly to an understanding of the sun's circulatory system. 

Again, it is not alone the more thorough understanding of our 
own sun which supplies the motive for eclipse study. Is there a 
corona arotind every sun? There may be; solar coronas may be 
plentiful throughout the universe, but we do not know. A complete 
understanding of our own star is certainly a pressing duty to the 

241 


tiOC. AMUR, mu, s«., VOL. LVIII, P. JLXT 30 . tpiS . 


242 CAMPBELL-^CROCKER ECLIPSE EXPEDITION, 

iri^'cstig^itor who looks toward the understaodin^ of the in 

generah 

The Form of the Corona. 

Near the end of last century eclipse observers recognized that 
the outline of the corona is a function of the sunspot phase. Our 
first slide (No. t) illustrates well this general relationship- The 
coronas here shown, proceeding from right to left, are, first, that 
of i 8S9> at sunspot minimum; second, the corona of 1S93, at sun¬ 
spot niaximum; thirds the rninimtitrL corona of 1900; and fourth^ the 
maximum corona of 19^5^ these the sun s equator is 

nearly vertical wuth reference to the slide, and the sun’s rotation 
axis is nearly horizontaK The phenomena in question are illus¬ 
trated in a more interesting manner by the second and third slides 
of the corona on a larger scale. The circular coroiia (No. 2) is 
that of the 1893 eclipse, and the greatly elongated one (No- 3) \s 
of the year 19OO. 

It is perhaps natural to expect that the polar streamers of the 
corona should be more extensive at times of great solar activity, as 
indicated by the maximum phase of spottedness, but that the equa¬ 
torial streamers should be the longer at sunspot mini mum vvonld 
scarcely have been predicted. 

It cannot be said, however, that the outline form oE the corona 
is accurately predictable from the known phase of the sunspot-cycle. 
We photographed the corona (slide No. 4) with cameras of focal 
lengths varying from four feet to forty feet on June 8, 1918, at 
Goldendalc^ Washington. The spot phase was but a fe^v months 
past the maximum, and we expected the corona to be essentially 
circular in outline. Our predictions were not fulfilled so satisfac¬ 
torily as we had expected. Slide No. 5, an exposure of four sec¬ 
onds with a camera, whose focal length was four feel, shows stream¬ 
ers extending out to approximately three solar diamciers to the right 
and to the Icft^ that is, to the vrest and east of the sun, whereas the 
streamers to the north and south (above and below) are very much 
shorter. The sixth slide is one obtained with the forty-foot camera, 
exposure four seconds; the departure from circularity of outline is 
very marked even for the inner corona. Does the circular type of 
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corona prevail only during a short period of tiirao at a wetl^efined 
phase of n^aximum spottedness^ or is the reLation of outline form 
to spot phase not very definite? Future eclipses should try to de¬ 
termine the relation ship more precisely than we can be s^id to kno w 
it at present- The c^juipment needed for this work is inexpen$ivc. 
Cameras of moderate length, say from four to seven feet, are abun¬ 
dantly powerful. 

There has been no satisfactory^ hypothesis proposed to account 
for the undoubted relationship of coronal form and sunspot phase^ 

REI^TlOKSlilF OF CoHOXAL StRliAMERS TO OTHER SoEaS 
Phenosjena. 

The relations of coronal structure to other phenomena of the 
sun, such as the prominenoes, sunspots, and faculs, are subjects of 
inquiry^ with every^ corona recorded. Our slide Xo. 7^ the edipse 
of 1898 in India, shows clearly, and I think for the first time, the 
hooded forms of coronal structures which encircle some of tlie 
prominences. The following eclipse, that of 1900 in Georgia, did 
not $how this feature, unless perhaps very mildly in the case of one 
prominence. The larger prominences in 1900 were certainly unat¬ 
tended by these hooded coronal forms. Later eclipses showed the 
occasional presence of this phenomenon, but not strongly, until we 
come to the ecHpse of last year, when it was venr marked indeed. 
Slide No. 8 is an exposure of one second on Seed thirty plates ob¬ 
tained with the camera of forty feet focus. Nearly all of the larger 
prominences and some of the smaller ones are enclosed by strong 
and well-defined hoods. There can be no doubt, I think, that the 
prominences and the curved streamers encircling them possess some 
kind of intimate relationship. The greater part of the inner corona 
recorded by this photograph consists of these cundng streamers. 

Slide No. 9 U a four^second exposure made wnth the same in¬ 
strument. The most of the strong coronal structure here show'n 
appears likewise to be under the control of, or to have intimate rela¬ 
tionship of some kind W'ith, the prominences which seem to lie at 
centers of controlling influence. Nearly all of the structure to the 
right of the sun is divided into three main compartments^ each with 
a prominence at the central point of contact w^ith the sun's limb- 
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Slide No* lo is an enlargement showing one of these sections on 
a still greater scale. The div'islon oi this part of the corona into 
three sections by the two intervening vacancies is dearly marked* 
The corona of 1893, at sunspot maximum, slide No, li* does not 
show this interesting: phenomenon to have been present, \\Tiy it 
should have been observed so much more conspicuously in 191S 
than at other time remains unanswered- 

My colleague, Dr. Moore, had attempted to correlate the main 
features of last year's corona with the prominences then visible and 
with the positions of sunspots and faculse as they existed 00 the day 
of the eclipse. The Mount Wilson Obsen atory^ has generously lent 
its solar photographs secured on that day. and on several days pre^ 
ceding and following, for this purpose, and we gladly make due 
acknowledgment of our indebtedness. Lantern slide No* 12 illus¬ 
trates the position of coronal structure, prominences, sunspots, and 
faculK, at the instant of the 191S eclipse, as measured roughly, or 
estimated, from the Mount Wilson obsen^alions obtained on the 
several consecutive days. The features on the front side and near 
the limb of the solar sphere are illustrated on the central circle of 
the slide, and the features thought to be on the rear side of the sun 
are set down on the right and left wings of the slide. The well- 
defined symbols represent the spots and the poorly-defined markings 
the facube. It cannot be said from this sketch that the prominences 
were situated above visible sunspots or f aculae. The hooded coronal 
forms therefore appear not to have been controlled from centers of 
disturbance coinciding with spots or faculffi. The vacanc>' in the 
coronal structure directly to the right of the sun is approximately 
in a plane passing through the observer, the center of the sun. and 
the group of spots and laculss visible in the sketch to the right of 
the center, but, in view^ of the positions of the two principal promi¬ 
nences on the right edge of the sun, occupying the central points of 
their hooded structures, we seem not justified in looking further at 
present for a relationship between the vacancy in the coronal struc¬ 
ture and the group of spots and faculss. This group is really more 
than 40° from the sun's east limb. 

Professor Perrine's coronal photographs of 1901, in Sumatra, 
recorded what he called a ** disturbed ” volume of the corona. It is 
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sho^*n in slide No. 13. Examinidg the photographs of the sun ob¬ 
tained on and near the day of the eclipse, he found that a prominent 
sunspot, in fact the only conspicuous sunspot known to be on the 
sun at that time, was situated very close to the sun's limb, and im¬ 
mediately under the center of the disturbance in the corona. The 
same slide shows a small prominence to the left of the sun—near 
the lower left edge of the slide—with a faint hooded enclosure. 

This subject of relations between coronal structure and oilier 
solar phenomena is a very interesting and important one for eclipse 
observers of the future to bold in mind. 

The Forms of Coronal Streamers. 

The force which carries materials into the coronal region may be 
volcanicp as Schaeberle and others have suggested, or it may be 
chiefly radiation pressure, or a combination of these, or indeed a 
force of quite unknown nature. The arrangement of the coronal 
materials in the w-ell-defined streamers may be a result of the sun's 
magnetic properties, as Eigeloiv and others have thought^ but if so 
the principal features of the 191S corona, especially to the east and 
west of the sun, would require that merely local magnetic fields be 
in control. The polar streamers certainly are very suggestive of 
control by the sun's general magnetic forces, but this influence does 
not seem to be the prevailing one in the remaining coronal structure. 

Motiox svitein tee Corona. 

Inasmuch as the corona of one eclipse is different in every detail 
from that of the succeeding eclipse, we cannot doubt the existence 
of motion and change within the corona. An interesting question 
is, how rapidly do these changes occur? Can they be detected from 
a comparison of coronal photographs of the same eclipse, obtained 
at two or more stations distributed along the path of totality ? This 
is a problem which eclipse observers have held in mind during sev¬ 
eral decades. The eclipse of 1905 seemed especially promising for 
an attack upon this problem. Crocker expeditions from the Lick 
Observatory were located in Labrador, in Spain, and in Upper 
Egypt, with the principal motive the obtaining of coronal photo- 
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graphs separated by the considerable intervals of timCp with a view 
to the detection of motion in coronal stnicture during the intervals. 
Clouds prevented observation in Labrador ; excellent photographs 
were obtained through thin clouds in Spain* but the Eg^^piian photo¬ 
graphs were not well-defined, owing to disturbances in the atmos- 
pherCj probably arising from the highly heated desert conditions of 
the middle aftemcHjn. Slide No. 14 compares an interesting region 
of the corona as photographed in Spain and Egypt* with cameras of 
identical dimenstonSp focal lengths forty feet. The great promi¬ 
nence, it will be noHced, was sharply defined in Spain (on the left)* 
but the definition w^as poor in Eg>'pt (on the right). Many details 
of prominence structure changed during the interv^al of approxi¬ 
mately seventy minutes, but we are not concerned especially with 
changes in prominences, as this is one of their well-known charac¬ 
teristics which may be and has been studied successfully on many 
days of the year at home. A comparison of the coronal structure 
in the region of the prominence is made difficult by the good defini¬ 
tion in one case and the mediocre definition in the other, but there 
is no doubt that many changes occurred in the coronal details while 
the moon^s shadow W'as passing from Spain to Egvpi. Dr. Perrine 
and I were unable to say, however, that the motion was outward or 
inivard, or that it was due to decrease of brightness for certain de¬ 
tails and increase for others. Expressed differently, there were 
evident changes of detailed structure, but these changes w'ere appar¬ 
ently haphazard rather than due to motion of illuminated materials 
systeniatjcally outward or inward. Neveiiheless* that changes did 
occur in the interval is certain. 

Dr. Moore has compared our 191S coronal photographs ob¬ 
tained in the State of Washington with copies of those obtained by 
the Lowell Obsen^atory^ Expedition, in Kansas, thanks to Director 
Slipher^s courtesy. The scales are different, and the atmospheric 
conditions were poorer in Kansas, so that comparisons of our origi¬ 
nals with copies of the Lowell photographs are difficult and unsatis¬ 
factory. Nevertheless, many changes in details are noted to have 
occurred in the interval of one half hour. Some of these seem to 
be the result of motion outw^ard and others of motion inward, but 
we are not prepared to that one or the other motion is the pre¬ 
vailing tendency. 
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The search for changes in coronal structure evidently rematna 
one of the most interesting eclipse problems of the future^ The 
photographs secured at points as widely separated in time as possible 
should be made wttb instruments of long focus, forty feet or more, 
and under conditions as nearly identical as practicable. Slow plates, 
such as Seed 22 , preferably of the non-halation type, or suitably 
backed to avoid intemal reflections, should be used, and the program 
of exposures at the different stations should be of identical effi¬ 
ciency- The utmost pains should be taken to have the plat^ in 
perfect focus and the diurnal motion accurately allowed for. The 
camera should be so designed that heated air within the camera 
itself would not detract from the definition^ There remains the 
factor beyond control, the different states of the atmosphere at the 
various stations^ and this is a serious factor indeed, as will he recog¬ 
nized by every obser^^er who has endeavored to compare measures 
of sharply defined photographs with others of the same object but 
less definite. 

Copies of the photographs obtained in 1918 by the Lick Observa¬ 
tory have been distributed to other institutions knowm to be inter¬ 
ested in the subject^ and if a comparison of these with photographs 
obtained at other stations should reveal definite evidence of coronal 
changes in the interv^als we shall be very^ pleased indeed. 

Polawzed Light in the Corona. 

A study of the polarized light in the corona has long been recog¬ 
nized as of great importance. Much remains to he done in this 
field of inquiry, ITie photography of the corona through double 
image prisms (slide No. 15) has both advantages and disadvan¬ 
tages. The latter arise in part from the factor of chromatic aber¬ 
ration when utilizing coronal rays having a great range of wave¬ 
length values. The definition under these conditions is unavoidably 
not all that should be desired, and some uncertainty in the quanti¬ 
tative results necessarily follows. The methpd of inclined plane 
glass reflector^ in front of the coronal cameras, as used successfully 
by Dr. Perrine (slide No, 16) j has its advantages. In this slide the 
richness of polarized light in the corona is indicated by the greater 
vertical dimensions of the right hand image, and the greater hori¬ 
zontal dimensions of the left-hand image. 
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A point of first importance in any method of studying the polar¬ 
ized light consists in iraking sure that the apparatus itself does not 
introduce polarization, and thus vitiate and render uncertain the 
observational data. One shoul^be especially on his guard when 
usii^ quartz and possibly other optical pieces in any way. Before 
definitely adopting any form or design of analyzing apparatus^ labo¬ 
ratory tests ^ould be made to ensure that this apparatus may be 
trusted not to produce its own polarization effects. 

The Spectrum of the Corona, 

The spectrographit study of the corona at eclipses of the past 
two or three decades has kd to tolerably definite ideas as to the 
quality of the coronal light. That there are shallow' strata of incan¬ 
descent gases overlyiTig the photosphere and chromosphere of the 
sun is certain. However, the use of the term strata in this connec¬ 
tion may be misleading. Some of the strata seem to be fairly uni- 
fonn in thickness over large arcs of the sun’s limb, or change their 
thickness very gradually in passing from one region to another, but 
in other cases the thickness is very irregular. Slide No. ly is an 
exposure, effectively short, secured with a grating spectrograph in 
1918, to record the soHcalled green coronal ring consisting of radia¬ 
tions wuih wave-length 5303A. The ring is seen to be "lumpy." 
Similar photographs of the ring at w'ave-length 4^31A have showm 
it to be more nearly uniform in thickness. iTie principal conden¬ 
sations in the green ring are adjacent to prominences, but not in 
coincidence with them. In the illustration the positions of the prin¬ 
cipal promtnenccs are indicated by the dotted line endosures lying 
outside of the green ring. The positions of the 5303 maxima are 
indicated by the dotted line extending inward from the ring and 
bearing numbers indicating the north and south solar latitudes. The 
green condensations are slightly farther from the solar equator than 
arc the adjacent prominences. If the condensations are related to 
the prominences, the relationship is not immediate and intimate. 
There is poverty of green material near the north and south poles 
of the sun. 

The faint dark bands passing through the green condensations 
have been noied at earlier eclipses. The condensations are midoubt- 
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ediy strcn^hened a liitle by superposition of these bands of 
continuous light with the green ring. The origin of the continuous 
bands has been under discussion. It has seemed lo mo that the ma¬ 
terials responsible for the green ring yield continaous radiations 
more abundantiy than special radiations p for it must be remembered 
that the latter are condensed in the slender ring, whereas the faint 
continuous bands stretch from end to end of the spectrum. The 
cnerg)' Tepresented by the green ringn and in fact by all the bright 
coronal rings, is exceedingly $light in comparison with the sum total 
of coronal radiations^ and apparently represents but a small fraction 
of the radiations proceeding from the bright ring materials them¬ 
selves. It has been suggested that the faint bands passing through 
the condensations in the green ring may proceed principally from 
prominences; and, again, that they may have had their origin in 
photospheric light passing through depressions in the moon*s edge, 
OAving to the exposures having begun too soon after contact 11., or 
continued too close to contact III. I do not think the point has 
been well taken^ for the relationship of the continuous bands to the 
green condensations is plainly evident, and there is no apparent rea¬ 
son why these condensations should be related to depressions in the 
moon's edge. .Again, there is a considerable number of extant coro¬ 
nal spectrograms bearing upon the subject. Slide Ko. iS is from 
Lockyer’s photograph of 1905. The green coronal ring to the right 
contains a prominent condensation through which passes a strong 
band of continuous radiation. This band is shown on the left in 
the H and K calcium region of the same spectrogram. The band 
misses the calcium prominences very skilfully. In the same way 
the hydrogen images of the prominences on the same spectrogram 
do not show the continuous hand as passing through them. 

The coronal spectrograms of recent decades are essentially 
agreed that the continuous radiations of the bright inner corona are 
but feebly and inappreciably affected by Fraunhofer absorption, thus 
establishing, in my opinion, that the inner coronal materials are 
chiefly incandescent and supply us with radiations of their owm, to 
which reflected or diffused photospheric light makes but a small 
addition. The spectrum of the outer corona, on the contrary, say 
regions lying ten or fifteen minutes, or farther, from the sun*s edge. 
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undoubicdly contains the Fraunhofer lines. The interpretation is 
that the outer corona is shininir# possibly in part by its own light, 
but chiefly by virtue of the photosphertc rays falling' upon the outer 
coronal materials^ Slide No. 19 was obtained in 1918. The broad 
spectrum is that of the sun itself. The spectrum of the corona to 
the west of the sun is in the upper narrovv band. The green bright 
line is shown on the extreme right, and the ultra-violet bright line 
at j6oiA is very close to the extreine left end. The bright points 
on the lower edge of the coronal spectrLun are from the promi¬ 
nences. The radiations in two long briglu lines at H and K un¬ 
doubtedly originate chiefly in the prominences, and the great length 
of these linos is due to the diffusion of the calcium light in its own 
atmosphere. The exposure was in effect too short to record the 
spectrum of the outer corona. No dark lines are visible. Spec¬ 
trograms secured by us at earlier eclipses have recorded dark lines 
in the outer corona. 

Tnist worthy observations of this kind require an absolutely clear 
sky. It is dangerous to draw conclusions from spectrograms ob¬ 
tained throi^h light clouds. This is illustrated by slide No. 20^ 
copied from the coronal spectrogram secured in Sumatra in 1901. 
The Fraunhofer lines are shown strongly in the outer corona, mid 
Ukeudse upon the dark moon! Much of the Fraunhofer effect is 
undoubtedly due to the diffusion of the sun's photospheric rays by 
the thin clouds which covered the sky at that time. 

The observed polarization effects are in harmony with the spec- 
trographic as to the nature of the continuous coronal radiations. 

Rotation of the Corona. 

A few observers have sought to determine the rotational speed 
of the eorona as a Doppler-Fizcau effect, by measuring the accurate 
wave-lengths of the green bright line to the east and to the west of 
the sun. If the corona is rotating w ith a speed appro.\imating that 
of the sun's underlying surface, then the corona adjoining the east 
limb of the sun should be approaching us at the rate of two km. per 
second, and the corresponding coronal structure west of the sun 
should be receding with an equal speed. It cannot be said that the 
observations for rotation have been successful, though the differ- 
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ence of obscrviKi vvave-kngtiis is in the right direction. The chief 
difficulty lies iti the apparent fact that the green line is not strictly 
monochromatic. Recalling the lumpy appearance of the green co¬ 
ronal ring, we should perhaps be prepared for the probability that 
there is motion within the green ring, Shch that the line as observed 
by US h widened by radial velocity differenceSp and not reliably 
measurable. 

The Wave-lengths of the CoitONAL Bright Lines. 

Much remains to be done in deterininiing the accurate wave¬ 
lengths of the coronal bright lanes, in prepaTation for the chemical 
identification of these lines. There are at least half a’ dozen coronal 
lines whose position in the speclmm are determinablCp with suitable 
apparatus and care, much more accurately than they are now known. 
Probably the best procedure is the unambitious one of attcatipting 
to determine the position of only one line, or at most two neighbor 
ing lines, with one instrunientt exposing with as high dispersion as 
good judgment dictates' covering with a narrow diaphragni the 
region of the plate ocaipied by the coronal line while impressing 
the appropriate arc or spark spectrum of an element, both shortly 
before and shortly after the total phase of the eclipse. 

The Brightness of the Corona. 

The photometry of the corona is a problem worthy of further 
attention, especially with reference to coordinating the laws of coro¬ 
nal brightness with the sunspot phase. Studies in this held should 
take into account the distribution of the coronal radiatioTis through¬ 
out the spectrum. The contrasting of the spectral photometry of 
the outer* middle^ and inner coronal structures is a most promising 
problem, and the preparing of suitable apparatus, on the basis of 
optical parts already existing in abundance* should be a simple 
matter. 

The Flash Sfectrum. 

The so-called flash spectrum of the &un"s edge at the second and 
third contacts should, in my opinion, be observed wuth instruments 
specially and carefully designed, and adjusted with great care, to 
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obtain improved data as to the limiting depths of the strata respon¬ 
sible lor the various solar absorption lines. 

^ Contact Times. 

The times of contact of sun and moon have been more exten¬ 
sively observed than any other eclipse phenomena. It has long 
seemed to me that the first and fourth contacts, that is, the instants 
of time when the moon's image first touches the sun's^ and when 
the moon^s image finally leaves the sun's, are not worthy of much 
attention, and our expeditions have taken no interest in them. The 
time of the first contact is bound to be uncertain. The observ'er 
^vho is watching for it suddenly realii^es that the moon has covered 
a bit of the sum. How many seconds earlier the contact'really oc¬ 
curred he does not know. He is simply aware that it has occurred, 
and several seconds of unccilainty are unavoidable. The fourth 
contact can be observed with considerably more acairacy^ but a first 
contact of equal accuracy does not exist to balance it. The second 
and third contact Sp on the contrary^ can be obscr^^ed quite accurately. 
Nevertheless, the brilliant points continuing to exist at contact II. 
after the general outline of the mooh*s edge has passed beyond the 
sun*s corresponding edge^ owing to depressions in the lunar sur¬ 
face—and similarly at contact III.—introduce some uncertainly. It 
seems to me that very valuable comparisons of ihe relative positions 
of the $un and moon could be obiained by a series of large-scale 
photographs, using cameras forty feet or more in length, made 
near contacts H. and III.^ under conditions carefully devised for 
reducing the brilliancy of the solar crescents and for the accurate 
recording of the observ'ation times. 

ACCUHATE PoSlTtOK OF THE MoOX. 

It is very advantageous to eclipse observers that meridian obser¬ 
vations of the Tiioon^s position be made in months immediately pre¬ 
ceding the eclipse date, as a basis for predicting the time when to¬ 
tality will begin at any station on the shadow- path. The eclipse of 
1918 came seventeen seconds of time earlier than the Nautical Al¬ 
manacs had predicted three years in advance, three seconds Later 
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than Professor Tucker's reeent observations of the mOon^s position 
had indicatedp and two seconds later than the chronometer time set 
down on the program prepared an hour before contact H. for the 
guidance of the observers. 

The Einstein Effect. 

The search for the so-called Einstein effect has become an im¬ 
portant eclipse problem. It is well known that recent hypotheses 
of the nature of light require that rays from distant stars on their 
way to the eclipse observer* and passing close to the sun^s edgej 
should be drawn toward the sun in appreciable amount while pass¬ 
ing through the sun's gravitational field. This would cause a mi¬ 
nute displacement of the stellar images upon the photographic plate. 
Photographs of the region immediately surrounding the eclipsed sun 
w^ere secured by the Crocker Elxpcdition on June 8 , 19pho¬ 
tographs of the same region of the sky were obtained with the same 
instrument set up at Blount Hamilton in January of the present 
year. If the Einstein effect is a reality, a comparison of the two 
sets of plates* one obtained wdth the sun in the field of obsen^ationp 
and the other with the sun absent* should show slight and sys¬ 
tematic differences in the angular separation of pairs of stars on 
opposite sides of the eclipsed sun's position. Owing to w'ar service 
On the part of our astronomer who secured the photographs for this 
problem at the eclipse* the plates have not yet been measured- It is 
hoped that they >vill receive attention in the month of May. 

In securing both sets of Einstein photc^raphs, the driving dock 
should be reliable* and the observer should " guide in right ascen¬ 
sion on a bright star in the immediate neighborhood of the sun, A 
guiding telescope of three* fonr^ or five inches aperture and of local 
length equal to that of the Einstein cameras and nnaking an appro¬ 
priate angle with the axes of the cameras, should be able to pick up 
the image of the selected bright guiding star a few seconds before 
contact If. 

The Vulcan Phoblem. 

In view of Dr. Perrine^s results of searches for unknown bodies 
revolving around the sun, made under the auspices of the Crocker 
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Eclipse Expeditions to Sumatra, Spain, and Flint Island, it seems 
sufficient to let the progress of this problem in the immediate future 
depend upon the Einstein photographs of the sun’s surroundings. 

Other Ecupse Problems. 

Slany other eclipse problems, perhaps of lesser importance from 
the astronomical point of view, cannot be considered here for lack 
of time. It is hoped that enough has been said to show that total 
solar eclipses have raised difficult and interesting questions. 

LfclC ObserveTOKV", 

UxiraaiTV Of Califoixia, 


THE EXPEDITION" OF THE MOUXT WILSOX OBSERVA¬ 
TORY TO THE SOLAR ECLIPSE OF JCXE S. 191S. 


By J. a. AKDEESOKj Ph D. 

April ^3, 1919 .) 

The apparatus of the ilount Wilson Observaton- expedition at 
Green River, Wyoming;, consisted of: 

1. Littrow Plane Grating Spectrograph, Obsen'ers: .\dan1S3 St. 

John and Brackett. 

2 . Corona Rotation Prism Spectrograph. Observers: Adams and 

Ellerman. 

3. Objective Grating Spectrograph. Obseners: Anderson and 

Babcock. 

4- Objective Prism Polarizing Speclrogiaphic Cantera: Anderson 
and Babcock. 

5 ^ Eight inch thirty-foot Photoheliograph Camera: ^Ir. Ellerman. 
6, Small SiN'ered Quartz Lens Camera: Jliss ^largaret Hale, 

Light was supplied to all of these except (3) and (6) from the 
thirty-inch coelostat mirror of the Snow' telescope. (3) was fed 
from a small speculum mirror moiuiEed on the ccebstat axis, while 
(6) was simply pointed directly at the sun, and the image allow ed 
to drift. 

The general arrangement is show n in the plan sketch (Slide i). 
The beam of light from the ecelostat mirror is directed horizontally 
w^estw'ard; the lower central portion fails on the eight-inch photo- 
heliograph lens, the portion immediately north of this sendng to fill 
the two-inch lens of the polarizing spectrograph camera. The 
upper central portion falls on the sLx-inch image-forming lens of 
the corona rotation spectrograph, while the considerable portion left 
of the south half of the beam sufficiently fills the concave mirror 
which forms the image used by the Litlrow' Plane Grating Spectro¬ 
graph. This spectrograph was located east of the cceloscat, and 
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the axis of ihc concave mirror was inclined to the south and up' 
wards sufficiently to allow the beam to clear the ccelostat mounting, 
the angle being a matter of about 3*. 

This arrangement which is imusiially compact even for eclipse 
work was found to work very satisfactorily indeed, and on account 
of its compactness it was a simple matter to protect all the instru¬ 
ments from the heat of the sun, as well as from vibration clue to the 
wind. 

The Littrow spectrograph consisted a 6-incb aperture, 18-foot 
focus lens, and a plane grating having a ruled surface of 4 X 6 
inches, 15,000 lines per inch, one first order being extremely bright. 
The dispersion was about 3.4 A.U, per millimeter, which was 
judged sufficient for accurate wave-length determinations. The 
diameter of the moon’s image formed by the projection mirror was 
about tlirec inches, and this image was placed just tangent to the 
slit, the point of tangenq- being nearly coincident with the position 
of second contact. During mid-totality, the whole spectrograph 
was mowd parallel to itself a distance of three inches so that during 
the Last halt of totality the slit was tangent to the moon’s limb at or 
near the point of third contact. An aiixiliaiy po° prism and observ¬ 
ing eyepiece enabled one of the obsen-ers to watch directly the 
region of the spectrum including Dj for purposes of accurate guid¬ 
ing. I'wo small right-angled prisms placed over the slit allowed on 
iron arc comparison spectrum to be impressed on each plate simul¬ 
taneously with the exposure on the sun. The exposures were six 
in number, three made during the total phase and three before and 
after, in order to get accurate wave-lengths extremely close to the 
sun's limb. 

The corona rotation spectre^raph was a three-prtsm Littrow 
type, using a lens of forty-inch focus, the dispersion at A 5300 being 
about six A,U. per millimeter. Only that portion of the spectrum 
in the immediate vicinity of the green coronal line was photo¬ 
graphed, the slit being parallel to the sun's equator. An iron arc 
comparison spectrum was impressed immediately before totality so 
as to permit an accurate determination of the wave-length of the 
gr-ten lint. 

The objective grating spectrograph used a six-inch Rowland 
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concave gtaring of twenty-one-foci radium of cnrvaturfi, and was of 
exactly the same t>^ as has been used at various eclipse observa¬ 
tions before- One improvement in themcEhod of observation needSp 
however^ to be noted: Ordinarily the spectrograph is adjusted with 
the axis of the incident beam pointing to the center of the sun. For 
a station near the center line of the eclipse track the direction of the 
incident light at second and third contactSp make angles ol ^ 15^ 
with this direction, which alters the focus of a grating such as was 
employed here by a quantity of the order of one millimeter In the 
present case the speculum mirror being adjusted to the center of 
the sun before totality was rotated eastward through an angle of 
seven and one half minutes for the exposures at second contact; 
then back to the original position for the exposure at mid-totality; 
then westward seven and one half minutes for the remaitiing expo¬ 
sures at third contact. 

The objective prism polarising spectrograph consisted of an 
ordinary' 4X5 vie^v camera having a two-inch aperture, eight-inch 
foens Planar lens, in front of which was placed in order a direct 
vision prism and a Rochon double image prism. Two objective 
prism spectra are thus obtainedp the planes of polarisation being at 
right angles to each otliCL 

The silvered quartz lens camera was used simply to obtain data 
in regard to exposure time and relative aperture required for use at 
future eclip-'&es. As is well known a silver film opaque 10 visible 
radiation is quite transparent from about A 5200 to A3100. Used 
on a quartz lens it is hence possible to obtain fairly monochromativ 
images in this part of the ultra-violet spectrunt. In the present case 
the apenure was about F/i^p the exposure time through clouds with 
an estimated transparency of 10 per cental about ninety seconds, 
and yet a great deal of coronal structure is well shown on the plate 
obtained. Hence it should be easy to obEaln good photographs in 
this svay when conditions are right. 

On the day of the eclipse a large cloud obscured the sun from a 
few minutes alter first contact until a few minutes after third con¬ 
tact. During totality the sun was visible through an irregular thin¬ 
ner portion of the cloud, but it is doubtful if the intensity of the 
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light was more than lo per cent, of normal. However, the program 
was carried through as planned. 

The photographs obtained with the photoheli^raph were fairly 
gocHl as may be seen from the slides (2 and 3). The plates taken 
U'ith the Littrow plane grating spectrograph were too weak to be 
of value, as was also the case with those obtained with the objective 
grating spectrograph. The latter shown about a doren of the viltra- 
violet hydrogen lines, and the prominences in the stronger hydrogen 
lines and in H and K. show well. The irregular prominence shown 
on slide 2 shows some distortion due probably to motion in the line 
of sight. 

The plate taken with the corona rotation spectrograph shows the 
coronal line only at the east limb, hence the rotation cannot be deter¬ 
mined. The wave-length at E limb neglecting the rotation comes 
out equal to 5303.022 T. A. 

WlLSO?f Os&Ol^'ATOftV, 

Pasadena, Calif. 


THE LOWELL OBSERVATORY ECLIPSE OBSERVA¬ 
TIONS. JUNE S, 191S, 

Promikiv.vces and Coronal Arches. 

Ev C O. LAMPL^ND. 

April ^ 5 , I9r9r) 

The solar promineiiccs pr protuberances have cons-iderable his- 
toricaJ interest in the part they have taken in the advances made in 
our knowledge of the eonstitution of the sun. These beautiful 
formations, varj'ing in color from deep ruby to pale pink^ project¬ 
ing outside of the dark disk of the moon upon the background 
of the pearly luster of the corona at times of totality caught the 
attention of earlier observers and we may have references to 
them extending back two hundred years. They came to occupy 3. 
conspicuous place in the eclipse literature of 1S42P and Dr. Lockyer 
remarks of this eclipse in connection with the prominences, ** then 
the golden age begins.” But whether they belonged to the ttioon 
or the sun was a question that was not definiteiy decided until De la 
Rue's photographic observations of the eclipse of 1S60 His series 
of exposures during totality showed beyond doubt that the promi¬ 
nences on the opposite edges of the siui were progressively covered 
and uncovered by^ the disk of the advancing moon. At the present 
day it may help us to sympatbize with the difficulties of these earlier 
investigators to recall our own helplessness, and bow we are appar¬ 
ently marking time, on some of the outstanding problems of the 
corona. 

Our knowledge of the more complex structure of the inner 
corona by direct observations has been largelv obtained by photog¬ 
raphy, and noteworthy progress has been achieved during the last 
twenty-five I.^rge-scale photographs, suitable sensitive 

plates, and graduated series of exposures may be mentioned among 
some of the things that have contributed to the advances made. 
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In the present paper g. brief accottnl will be given of some pre^ 
limtnary observations of the prominences, of coronal formations 
over thetdp and of some of the comple::£ structure of the inner 
corona, shown in the series of photographs obtained by the Lowell 
Observatory Eclipse expedition stationed at Syracuse, Kansas. 

The photographs were made vrith tw^o of the historic "Transit 
of V'enns ” objectives kindly leaned by the U. S, Naval Observa¬ 
tory'. These objectives have an aperture of five inches and a focal 
length of 38.7 feet. They %vere mounted according to Schaeberle's 
method. The louver camera and its moving plate carrier have been 
so frequently described, and the method is so w^ell and favorably 
known among astronomers that no lime will he taken here for the 
discription of the apparatus. 

In connection with the description of some of the detail in the 
Lowell Obsci^'atory photographs quotations and illustrations from 
published obser\^ations of earlier eclipses will also be given, but such 
references must necessarily be very' brief and incomplete at this 
time. It is thought that these comparisons should be both inter¬ 
esting and instructive. 

A brief description will now be given o! the more interesting 
features of the Lowell Observatory photographs. 

P.A. Description df Detail. 

25® A coronal arch. No prominence visible. 

30^.5 Brilliant short prominence. 

31^.5 Large brilliant triangular-shaped prominence, base resting 
on chromosphere. Fine series of coronal arches, four or 
more, over this great prominence. Branches of the higher 
arches not symmetrical with respect to prominence but a$ if 
partially superposed from perspective displacement. 

99“,5 Small bright prominence inclined (N* and W,) to solar 
surface about 45 - Ss centrally in great mass of brilliant 
coronal matter. Indications of arches but detail cloud-likc 
or flocculent m parts. 


eclipse observations. 


251 

162°, A group of three brilliant prominences near south pok; 

to positions of centers of these prominences about 165^* 

182* I72°>5. and 179®.5 {position of south pole of sun 167®.4). 

Ver>^ bright coronal matter over the group- Strong hood 
or arch over the first two prominences; part of an arch over 
the third (named in order of increasing P. A,)* 

186*" A large bright " petaJ'' of coronal matter over the brilliant 

to flame-like prominence in position angle 205"^, A closely 

226* packed series of archeSp all of the pointed or ogival type* 

except possibly the inner one. At least six of these arches 
stand out distinctly. The highest ones veiy sharply 
pointedp and the apexes, with increasing height, are to one 
side of the center of the prominenceH as though the dis¬ 
placement were an effect of perspective. 

231° Another large brilliant “petal*' of coronal rnatter* with the 

to great eruptive prominence centrally in its base (P. A. of 

270° center of prominence about 251*), At least five arches are 

visible. In this instance the arches are oval curves, and not 
pointed at the vertices. The arches are somewhat skewed, 
the inclination being in ihe same direction as the trunk of 
the great skeleton prominence they enclose. A comparison 
of the Lick and Lowell plates shows marked changes in 
the eruptive prominence, 

233°-S Base of the rocket” prominence. 

The higher part of the trajectory of this eruptive forma¬ 
tion or Jet is not certainly shovim on the Lick plates taken 
about 27“ earlier. On the Loivell plates the upper part 
of the curve is clearly shown and the brilliant nucleons has 
apparently passed its greatest height and is descending. 

270® \kry brilliant “petal’* of coronal matter, with large brd^ 

to lianl prominence centrally (P. A, of base of prominence 

320® extends from 28S® to Complex detail above the 
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prominence—cloudy and fiocculent— with indicatians of 
confused and overlapping arches. 

351 5 Prominence near the north pole, 

225" Pronounced rifts in the corona occur near these points, 
and the latter inclined, near limb, 20* or more southward with 
370“ the radius. 

35* Four narrow and wdbdefined dark rays in brilliant coronal 
to matter, inclined a few degrees, northward, tyith the radius 
40* where rays start from the limb, but with gentle bending 
southward towards the ec^uator with increasing distance 
from the limb, .A number of broader and more diffuse 
dark lanes and streaks occur in different parts of the corona. 


Any detailed description of the appearance, distribution and 
directions of the coronal rays for different regions will not be given 
here. The variability and irregularity of their inclinations with 
respect to the limb of the sun suggests the maximum type of corona, 
though in some other respects characteristic features of the inter¬ 
mediate type are present, as for example the general shape of the 
corona as a w'hole is roughly triangular, 


In the Lowell Obser\-atory photographs all of the prominences 
except the one near the north pole are surrounded by arches or 
envelopes or of disturbed coronal matter. Above some of the 
prominences there are scries of hoods or arches the forms of the 
inner or lower ones being generally some oval curve, w’htle the outer 
or higher ones Iiave forms resembling the pointed or ogival arch 
One striking feature of these photographs is the disturbance of 
the coronal streatnci^ at and in the vicinity of the sun’s poles In 
that respect the corona of 1918 resembles earlier ones observed near 
sun-spot maxima, though as previously remarked it exhibits other 
features characteristic of intermediate types. In the present photo- 
gmphs ,t ,v,uW be dilBo,k ,0 ^ 

the sun from the appearance of the streamers. 

Tint there h in iMimate rehitan between the ptorainenee, end 
the rereoundtng eorenel «nKt»re he, at different time, been ex- 
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pressed by observers of the more recent eclipses. Bui Ehcsc rela¬ 
tions are not always evident as will be shown by extracts from 
published obserx^ations of eminent observers and students of eclipse 
phenomena. It is probably true that hoods and envelopes over the 
prominences are generally present but are greatly reduced in in¬ 
tensity or may even be absent for a short time near sun-spot minima 
and it is also probably true that such detail and complex structure in 
the inner corona are generally conspicuous at times of greater solar 
act^vitJ^ 

From an extensive examination and careful study of many 
photographs of the corona beginning with the eclipse of 1S51 and 
continuing with the later eclipses of i860, 1S70, iSjr. 1875, 1S78, 
1S82, 1883 and 1S85. an eminent authority on eclipse photographs 
writes: "'There is no sign of any connection between the coronal 
rays and the solar prominences.” It would seem, however, that the 
present trend of the interpretation of obscr%'aiional results is that 
the prominences generally do affect to a marked degree coronal 
structure in their vicinity. 

The complex coronal structure, archeSi etc., of the eclipses of 
1S71, 1^3, 1^3^ J905 iitid 191S occurring at or near times of sun¬ 
spot maxima, and the almost complete absence of such intricate and 
complicated detail of the lower regions of the conona of the eclipses 
occurring at or near the minima of sun-spot activity in 1878^ 1S89 
and 1900 may be mentioned in this connection. The eclipses at the 
minimum epochs were so fully and so successfully observed that it 
is difficult to believe that such structure could have been overlooked. 
The reports for 1900 by Hale^ Langley, Kewall, Wesley and others 
are especially complete in this respect as specihe mention is made 
with reference to search for such detaih It also appears from the 
obsei%^atioda] results that the complex detail in question is present 
in varydng degrees for eclipses observed preceding or fallowing 
minima of solar activity. The eclipse^ of 1S96 and 1S9S are good 
examples of eclipses that fall between a maximum and minimunn 
The question of changes taking place in detail in the corona 
in the interval between ohscr^^attous made at different stations is 
One of great interest and we are not aware that a definite answer 
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has yet been given in the previous attempts to decide the matter. It 
was hoped that it might have been possible to include some satis¬ 
factory observations in this comniniikation. The preliminaiy^ work 
done thus far does not warrant a stronger statement than to say 
that further comparisons should be made, at least in the case of 
one of the series of prominent arches. Unfortunately the material 
at present available is not wholly satisiaclory for such difficult 
comparisons. As prominence detail is frequently subject to rapid 
cliange it does not seem worth while to add anything further than 
already given relative to such comparisons. The marked changes 
that occurred in the great eruptive prominence are obvious upon 
casual inspection. 

Our appreciative thanks are due to Dr, Campbe]l for generously 
granting permission to make use of three ven- fine positives from 
plates of short exposure taken at Goldendale, sent ns recent I v. 

Dr, Slipher gives herewith a nummary of his observations of the 
spectrum: 


Spectrum Observ.\tioxs of the Coeosa. 

The spectro^ams recorded a strictly contitiuous spectmm for 
the inner corona crossed by the three coronal emissions of wave¬ 
lengths 4086, 4J31 and ; atid a faint solar dark-line spectrum 

for the outer corona which seems to be of true coronal origin. The 
objc’Ctive prism plates registered the continuous spectrum of certain 
prominences in addittoa to their usual emissions, and the green 
coronium ring between tlie fragniemaiy ones of hydrogen F and 
helium D,. The dislrlbution of the intensity of the green ring 
implies that the substance “coroniitmis generally abundant along 
those parts of the sun s Hmb occupied by prominences and from 
which flow the great extensions of the corona, and that it is sparse 
along those sections of the limb occupied by the bristling streamers 
typical of the polar regions. 

The obsen-ational results given in the present paper are the joint 
work of Dr, V, M. Slipher. Mr. E, C. Slipher and the writer. A 
general account of the orgamaation and work of the expedition has 
been published in one of the astronomical journals. 

LqWELL OBSEftVAT0«y, 
pLACSTArF, AjtllOSK 


THE ¥U\SH SPECTRUM. 


By S. a. MITCHELL 
{Read Aprii £3, Jp/jJ.) 

The total eclipse of t9tS saw the completion of fifty years since 
the spectroscope was first used at the eclipse of i 863 , visible in 
far-off India, If all the minutes of totality dunng this half century 
of eclipses were added togetherj they would amount to less than 
one brief hour. It is safe to say, however^ that no other branch oE 
astronomy has shown the remarkable value of the new instntment 
of research as has the work of eclipse spectroscopy^ 

In i86S, Janssen discovered that the prominences gave a bright 
line spectrum thus proving that they are gascoits in nature. As is 
well known, he and also Lockyer independently, showed how to view 
the prominences withotit an eclipse. 

The year 1869 brought with it the discovery' of helium in the 
sun. Since the urgency of the war has resulted in having helium 
supplied in such large quantities and at such a cheap price that it 
may be used in balloons and airships^ it is almost a surprise to think 
that helium was not discovered by Ramsay until the year 1S95. 

ITie eclipse of 1870 visible in Spain is noted for the discovery of 
the flash spccErum. Tlie dark lines in the solar spectrum, the Fmcm- 
hofer lines are caused by the absorption of the light of the photo¬ 
sphere by a thin layer of cooler gases, the so-called reversing layer. 
This layer is cool only in contrast with the very hot photosphere- 
As the moon gradually covers the sun at the time of an eclipse the 
dark line spectrum persists so long as there is even the slightest 
trace of the photosphere visible. At the instant when the photCN 
sphere i$ entirely covered up, the bright photosplieric background of 
the Fraunhofer spectrum is removed, and the lines of the spectrum 
now appear as bright lines on a black backgrounds where before 
there had been dark lines on a bright background. This change 
coming with totality w^as foretold by liioung of Princeton before the 
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eclipse of 1870. and his was the first eye to perceive it. The sudden* 
ness of the chan^ caused him to nattie the brig^ht line spectrum the 
“flash spectrum.” At the beginnirg of totality, the flash spectrum 
lasts for only a few seconds while the moon is advancing in front 
of the rather shallow' layer, A second flash spectrum is seen at 
the end of totality. 

The first attempt to photograph the flash was in 1S93, but with 
very imperfect results, Shackleton in 1896 was more successful, 
though the first photographs with good deflnition were those of the 
eclipse in India in iSgS by Evershed. 

In the year 1900, the American astronomers had an opportunity 
in their own country at the eclipse of May 28. For the first time 
in eclipse work, Rowland gratings were used. Gratings are ruled 
on both plane and concave surfaces, and it is possible to use them 
either with or without a slit The great advantages of gratings 
over prisms are the incresBcd dispersion, but particularly their 
normal spectrum. WTicn used in the ordinary Rowland mounting, 
the concave grating shows marked astigmaiisni. .Although work on 
stars had shown that the astigmatism of the concave grating when 
used directly without slit was exceedingly small, most observers in 
19OD were apparently afraid to use a concave grating without a slit 
Those who did use slits found their photographs entirely without 
lines, the light that went through the slit being entirely too feeble to 
leave any impression on the photographic plate. Gratings used 
without slits gave more satisfactory results. 

Sim* I9<», the „lip,M ,„i|, s^rsn 

of ^’’T" “l‘P“ 

f»lS “ "" “«P“ o' 

men enat disporoion is dssiroi, the coticvo Ertttitii; withoot 
sht ts porhops th, most dosimhie of spoMrojrttph, l' mottttt 

,s rosy stmplo. Lish. from ,ho ootlosto, otissor falls diroot on 
ho 0^0*0 E,at,nE »h«ro it is dillmotod sod bsoogh, t„ a fooo. oo 
tte photosrajdtto Plato. It otigh, oot bo ottt of pl.oo horo to oo! 
atotmo to tho groat impomnoo. aod also tho groat difflcoltv, of 
obutntog sharp footts o-.th tho ditloss ittstrttmoot. The host ,k„|“ 
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have been obtained by the writer through the use of a collimator 
designed by Jewell. 

In 1905 with a Rowland concave grating of 15,000 lines per inch, 
Mitchell secured a photogrph of the flash spectrum in which he 
measured 2,841 lines between A 3300 in the violet, and the D, line 
in the yellow. On account of the good definition, it was possible to 
determine wave-lengths to o.oa Angstroms corresponding to an error 
of measurement of 0.002 mm. 

The general conclusions from these measures were: 

1. The flash spectrum i$ a reversal of the Fraunhofer spectrum. 

2. The flash is not an instantaneous appearance, but the chromo¬ 
spheric lines appear gradiJally+ At the beginning of totality, those 
of greatest elevation appear flirsti and at tbe end of totality remain 
the last. Tfie ** reversing layer which contains the majority of 
the low-level lines is about 600 km. in height. 

3. Wave-lengths in the chromospheric and solar spectrum are 
practically identicals 

4. The lines in the chromospheric spectrum differ greatly in in¬ 
tensities from the lines in tlie solar spectram. The chromospheric 
spectrum show's the hydrogen series of lines and the helium lines 
and corresponds to a spectral type earlier than the solar spectrum. 

5. The differences in intensities find a ready explanation in the 
heights to which the vapors ascend. 

6. Especially prominent m the chromosphere are the enhanced 
lines. 

In vieAv of the very' excellent work done recently at Mt. Wilson, 
it has become of the utmost importance to have as accurate a knowl¬ 
edge as possible of the heights of the various layers of the sun^s 
chromosphere above the photosphere. There is no other method of 
determining these heights directly except from the photographs of 
the flash spectrum at the lime of a total eclipse taken without slit. 
By knowing the angular diameters of sun and moon, it is easy to 
calculate the height of the solar layers of atmosphere by measuring 
the lengths of the cusps. On the photograph a spectrum line of 
considerable length corresponds to a greater height of atmospheren 
while a shorter line belongs to a lowdybig vapor. 
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The program of work on the flash specrum at the eclipse of igtS 
was for the purpose of finding the heights of the various gases, and 
also of extending our knowledge of the spectrum as far into the red 
as poftsihle. The Naval Observatory- party located in Baker, 
Oregon, had three concave gratings, the largest being of 31 ^^ feet 
radius and 15,000 lines in order to proeure as large a dispersion a$ 
possible; the second grating was of 10 feel radius and 15,000 lines, 
while the third was of small dispersion to photograph into the ex¬ 
treme red by the use of plates stained by dicyanin. Unfortunately, 
thin clouds covered the sun during the whole of toialitv. The 
clouds at the end of totality were exceedingly thin, but they were 
suflicient to cut out most of the weaker lines from the spe'etra. At 
no place in the country where photography of the flash spectrum 
with great dispersion was attempted did dear skies prevail; and con¬ 
sequently the carefully prepared plans for 1918 will have to be tried 
again at the next available eclipse, 

McCormick OBSEavATwv^ 

UNirEiisiTV or Vircuxia, 


PHOTO-ELECTRIC PHOTOMETRY OF THE 1918 
ECLIPSE. 


Bv JAKOB KUNZ axt> JOEL STEBB[NS. 

{Read April 1919^} 

The e3£j>cditton from the University of Illuiois had for tht sole 
item on its pre^r^m the meastirenient of the total light of the corona 
by means of photo-electric cells. The arrangement consists of a 
light'SensitTvo cell connected in scries with a galvanomeier and a 
batter)' giving about 150 %'oltSi When exp<^ed to a light about 
equal to that of the crescent moon, a measurable current is pro¬ 
duced, and it was aniicipated that the corona would be bright enough 
to be measured with accuracy. The advantage of this electrical 
photometer is that no matter what the distribution of light is in the 
source, whether is be a point or an irregular surface, the effect is 
integr^t^^ combined into a single galvanometer deflection. 

The color-scnsittvit)' of the potassium cell is nearly like that of 
the ordinar)' unstained photographic plate, the maximum effect 
being at wave-length 4500 A. In a general way. the photo-electric 
measures are between photographic and visual, but nearer the 
former. 

Slide I shows one of these cells, the diameter of the bulb being 
about one inch. 

Slide The station at Rock Springs, Wyoming, was seiecicd 
so as to be near the Yerkes camp, where Mr Parkliurst w'as to un¬ 
dertake visual photometric measures of the corona, for it was felt 
that there would be advantages in having observations by different 
methods, but wdih practically the same atmospheric conditions. 
Howeverj we did not w'ant a local cloud to spoil all of the pho¬ 
tometry ^ SO w'C located about fifteen miles cast of the Green River 
people, and about two miles south ol the town of Rock Spririgs. 

SMe j.—General view of the station. 

Slide 4.—It was proposed to take measures in duplicate with two 
cells, each mounted in a box at the low^r end of a simple tube. The 
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twin tubes were fastened on an equatorial mounting, but a driving 
clock was unnecessary. (Note: the simple tubes were made of 
four-inch down-spouts.) 

Slide $.—^The electrical connection from each cell was carried in 
conduit to the galvanometer and battery inside the hut. Each cell 
box could be detached from the mounting outside, and brought in 
to the photometer bench. Here It was arrangfed that the cell could 
be exposed to a standard amyl acetate candle at varying distances, 
and also to standard lovr-voltage electric lamps. The same appa¬ 
ratus was also used to compare the lamps with the full moon, and 
thus to get an indirect measure of the corona in terms of moon light. 

Slide <5.—Two assistants operated the apparatus outside, while 
the observers read the galvanometers. 

Slide y.-^ur expedition had the same unfortunate experience 
with the weather that other parties had on tlie days preceding the 
eclipse. The nights and early inomings were usually clear, but 
clouds, increasing during the day, were usually worst about the hour 
of the eclipse, 5 P3I, The picture shows the conditions thirty min- 
mes before totallEy. 

Slide At six minutes before the critical time the sun was still 
behind the cloud at the upper left-hand corner of the picture, but at 
two minutes before time the cloud had moved aivay, and during 
totality the corona stood out in a perfectly clear sky. 




We secured four complete measures of the light of the corona, 
and of the sky background. When proper allowance is made for 
the absorption of the earth’s atmosphere, it Is found that the total 
light of the wrona was l.o- candle meters, just half the light of the 
full moon. Thwe has been a curious disagreement between observers 

fortieth to ten times the nWs light, a difference of 4 oo.fold 
These were results from photographs, but the more reliable determi¬ 
nations seemed to indicate a value of one tenth full moon, five times 
smaller than our value. The visual resultsare in much better agree¬ 
ment. ranging ton, half up f one full moon, or from the same up 
to twice our value. ^ 
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Our comparison of iht corona with the sky before and during 
the eclipse shows that, in terms of a circle of sky of the apparent 
size of the sun^ the corona gave one tenth as much light in full sun- 
shine, but more than 600 time^ as much during totality. The dc- 
crease in the light of the sky due to the moon's shadow was there¬ 
fore 6,000 foldn As the decrease from sunlight to corona light is 
fiiUy 100 times 6 ,oqo, this means that not more than i per cent, of 
the general sky illumination during an eclipse can come from the 
corona, the remainder being from sunlight reflected fron: the earth's 
surface and atmosphere which is outside the moon's shadow. 

The result that the corona gives one tenth of the light from a 
circle of daylight sky of the same area as the sun, and 8* away, has 
a direct bearing upon the problem of detecting the corona without 
an eclipse. Experiments in using photo-electric cells for this pur¬ 
pose have already been begun by Dr. Hale at the lit. Wilson 
Observator}'. 

U.vivEflsrrv or Juindjs, 

OfiSERVATQRV, 


THE 5 PROUL OBSERVATORY ECLIPSE EXPEDITION, 

JUNE B, 191S. 

COROXAL. AjtCtlES A?feD STREAMERS. 

Bv JOHN A. MILLER. 

AprU JJ, Jp/p.) 

The Eclipse expedition from Sproal Obscn^aloty was located at 
Brandon, Colo., a station on the ^lissouri Pacific, approximately 
fifty miles from the Colorado-Kansas line. 

This region is very dry, and the weather conditions are favor¬ 
able, During the month preceding the eclipse the sun was either 
clear or only thinly clouded, at 5: 26 P.M. on all but six days; and 
in general the afternoons were better than the forenoons. The 
wind was usually high, often very high, and the air many times was 
full of dust. It was so cloudy all day on June 5, 6 and 7, and the 
forenoon of June 8, that at no time could successful observations 
have been made. This was the longest period of cloudy weather 
that we had while there. At noon ol June 8, however, it cleared, 
and at the time of totality only two small clouds were visible west 
of the meriditan, one about twenty degree above the sun and the 
other near the horijEOn, 1lie seeing was fairly steady. 

The following instruments wxre mounted: 

I. One lens, nine Inch aperture* focal length Eeet, This 
was mounted as the Lick Observers since 1B93 have mounted their 
long focus lenses. Exposures of two seconds, twenty seconds^ 
forty-five seconds, and three seconds ivere made with this lens. 

II . On a polar axis, two lenses of four inches and three and one 
half inches aperture, respectively, and of focal length eleven feet 
two inches were mounted. The exposure with each of these lenses 
was for eighty-two seconds* 

in. In another polar axis wijre mounted six knses varying^ in 
local len^h from ten and one half to fifty inches; also a transmts- 
siqn grating. 

IV, A three-prism slit spectrograph tvith which we hoped to 
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detemiinc die rotation of the dororta, and a &1itl?5S speetropaph 
were mounted on another polar axis. 

The photoi^raphs secured shovv a moss of coronal detail. Ihe 
shorter exposures show the coronal arches that siirround the great 
number of prominences that are found on the rim of the sun. 
These have been so well shown in the slides accompanying the pre- 
ccdirtgf papers that it seems iiniiecesaani'' to show them again and 
for economy of time I shall show^ one only, a slide from the foriy- 
tive second exposure with the sixty-two and one half feet focal 
length. 

The problem that I had more specifically in mind was to secure 
if possible some data that would contribute to a knowledge of the 
origin of the corona^ to see if ivc could from a study of the details 
of its structure get a hint of the nature of the forces that produce ii 
and give it its shape. I shall limit myself to a brief statement of 
our study of two things. 

t. To see if there was any indication of change of form in the 
corona itself during the eclipse. 

To find if the general form of the streamers in the corona 
gave any indication of the way in which it is formed. 


I, Chance in the Corona. 

Director Campbell, of the Lick Observatory, and Professor J- 
C Hammond, Director of the Naval Obsenatory Siatiommost gen¬ 
erously put at my disposal gbss positives of short exposure photo¬ 
graphs, made respectively at GoIdendalCp \^'ashingtonp and Baker 
City, Oregon. The Lick plaie svas made with a camera whose focal 
length is forty feet. Totality at Goldendale lasted lor one minute 
and fifty-seven seconds. The plate loaned me by Director Camp¬ 
bell was exposed from one minute fifty seconds to one minute fifty^ 
two seconds after the beginning of total!Ey, This plate was com¬ 
pared with two plates made by the Sproul Observaton- expedition, 
one exposed for two seconds just at the beginning of totality and 
the other for three seconds just at the end of totality. The focal 
length of the camera with which these plates are made is si.xty-two 
and one lialf feet, so that the pictures to be compared were of very 
intoc. rniL. soc.. vot. cviri. e. ac<s- i. ipi?. 
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different scales. The plates were reduced to the same scale by 
measuring the diameter of the moon's shadow on each plate and 
tinding the ratio of these two measured diameters. The center of 
the sun for each of the three plates was found and plotted on each 
plate, the necessary corrections being made for different times of 
exposure, parallax, etc. Fite conspicuous prominences were as fol' 
lows; Two small tjuiesccnt nortliern prominences, a large north¬ 
western quiescent prominence, a large eruptive pronnncncc in the 
southwest called from its 5ha|)c the Skeleton prominence, and a 
large northeastern prominence called the Pi ramid prominence. 

•Around the eruptive prominences there are scries of arches de¬ 
scribed so well in the preceding paper by Professor Umpland that 


further comments arc unnecessary. 

Following my suggestion Miss Margaret E. Powell, a graduate 
student at Swanhmore College, made a study of these idates. .All 
the measures which I shall give presently tvere made by Miss 
Powell. W't selected three arches which seemed definite enough to 
measure. 

The measures were made in this way. A point is selected which 
can be certainly identified on each of the three plates. Choosing a 
line through this point and the center of the sun as an initial line 
and the center of the sun as origin, we may locate any point in the 
streamer by its polar coordinates and p. The arches were about 
equally well defined in the Lick plates and each of the two Sprout 
plates. The polar coordinates of a series of points on an arch were 
measured on the Lick plate, then setting off the same series of vec¬ 
torial angles on a Sprotil plate and measuring the radii vectors we 
obtained the polar coSrdinates of the corresponding points on' the 
Sprout plate. If these radii vectors are the same the arch is un¬ 
changed. but if they are different (assuming the measures are ex¬ 
act) the shape or the position of the arch has changed. 

Miss Powell measured three arches in this way. The accom 
panj mg tables give the details of the measures. The vectorial an¬ 
gle is given by The quantities p and are the radii vectors in 
inches measured on the Sproul and Lick plates respectively and 
reduced to the scale of the Sprotil plate. 

The eclipse at Brandon occurred twenty-five minutes after it 
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occurred at Goldendale; p-p* is therefore the amount the arch ha$ 
chang^ed. If p-p^ is positive for a given point, that point is farther 
from the center of the sun, when the sun was eclipsed at Brandon 
than when it was eclipsed at Goldendale iwenty-five minutes before. 

After the first set of measures was made, the zero line was rede- 
terniined and all angles and distances remeasured, so that each set of 
measures was independent of the others except the same size of each 
vectorial angle w^as retained. The different series of measures were 
made on different daya^ the last series being made about six weeks 
after the first were made, so that 1 believe little, if any, prejudice 
originating in the earlier measures tvas carried into the last set. 

Aftasures of the Arch Aroiiud the Southeastern Fromine nee .^— 
This prominence is a few' degrees east of the South Pole. There 
are five %vell defined arches on the equator side or this prominence, 
the inner one of which is measured. The table shows the results- 


I. Ax Arch Arouxo the Southeastern Prominence. 
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The quantities p and in the '"first measures" of this arch are 
from center of the sun to the inner boundary of the arch; the other 
measures from this arch and all the others are to the middle of the 
stream forming the arch. The first measure in each series is always 
for a point near the limb of the sun, and is in consequence very 
indefinite. 

2. An Arch Around the Pyramid PaoMiNENCE. 

Toivard the Pole side of this prominence there are four well- 
defined arches; one of these W'a$ measured. The arches on the 
Brandon plates seem to curve more than those on the Goldendale 
pbtes. The results are shotvn of four sets of measures on three 
different days. 
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3 . Ax Arch op the Skeleton PttOMiNENCE. 

This prominence has five distinct arches on the equatorial side. 
On the Pole side they are much less distinct, due perhaps to the 
presence of another pronilnencc beyond the edge of the sun. The 
measures of the fourth arch from the prominence on the etiuatorlal 
side are shown in Table 3. 
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Miss Powell found that on the average the recession of the arch 
around the Southeastern Prominence is {assuming these measures 
arc correct) ninety miles a second; that the recession of the arch 
around the Pyramid is sixty miles per second and that the Skeleton 
is receding fifteen miles per second. 
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The Skeleton Prominence and Its arches cover 37.S* along the 
margin of the sun, the highest arch is 106.000 miles: this means that 
if these arches are a mechanical effect that a volume of gas of mote 
than 2,540470,000 millions of cubic mites has been affected. 

1‘here ate other things su^esting changes of fotto, but hardly 
such things as one could measure. It is not umisiia! for streamers 
to issue from small projections on the prominences. From each of 
three tips of tlie Southeastern Prominence there issues streams each 
of which assume the approximate form of the arches above them. 

In interpreting these measures, one must not be unmindful of 
the dtffictihies of these measures and the consequent uncertainty. 
The streamers themselves are somewhat indefinite objects to mras^ 
ure. An error in plotting the center of the sun on the plates might 
cause the differences of p and On the other hand, the measures 
have been very conscientiously made. No one could have been more 
painstaking than Miss Powell has been. The center of the sun was 
plotted separately on the plate for the first and for the second meas¬ 
ures. Any two series are reasonably consistent, and in one thing 
they are very' consistent— fr-p', though small, is almost always posi¬ 
tive. Moreover, the three prominences are so distributed about the 
sun's limb that an error iti plotting the center should have affected 
fr-p' in different ways for different arches. In my judgment these 
measures make it probable that these arches of the corona changed 
in the twenty-five minutes between the eclipse at Goldendale and 
that at Brandon, and that they are going outward from the sun. 

Tlie other study is of quite a different nature. There are in 
every' corona a nimibcr of streamers, those around the poles of the 
sun being most conspicuous, but streamers are by no means confined 
to these regions. In 1911 I published a paper' in which I assumed 
that what we see or photograph as the streamers of the corona are 
projections on a plane perpendicular to the line of sight, of streams 
of particles the motion of which is produced by ejection, by the rota¬ 
tion of the stm, by the attraction of the sun and by radiant pressure 
from the sun. At that time Director Campbell generously placed 
at my disposal the most excellent series of long focus photographs 
that had been made by eclipse expeditions from Lick Observatory. 

* Ailrophyiieal Journat, XXXIII., 4 , P**e 
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I u&s abt? to show that if thtsc strcant^rs were thus mechanically 
produced chat there would result in each corona a few streamers of 
such a shape that one could draw a rad jus vector from the center of 
the suti which would be tangent to the streamer and that one could 
find for streamers of this shajje the following things :* the point on 
the sun from wliich the streamer issued, the velocity with which the 
iwrticles in it were ejected, the velocity of the particles at any time, 
the paths described by the i>anicles and if wc assume the law of the 
repulsive force, we can find its magnitude. ThcoTCticallv, there 
should be verj- few streamers of this shape. In an examination of 
the Lick plates made at six eclipses between 1893 and ttjoS, I found 
sixteen streamers of this lyi)e; and on the plate made by Father 
Cortie at a time of minimum sun-spots in 1914. Miss Caroline Smed- 
ley, an assistant at the Sproul Obser%'atory, found and measured two 
streamers of this type, and in the corona of 1918 there is unmis¬ 
takably one and probably two streamers of this form. These also 
Miss Smedley measured and reduced. There always exists the pos¬ 
sibility tliat the form of the streamer ha.s been affected by local 
causes and the arches which I have just discussed makes it ap- 
^rent that at least near the surface of the sun at this eclipse local 
forces were vep- effective, but llie streamers that we found in this 
corona and which we measured stand out separated from these dis¬ 
turbed regions and away from the prominences 

This theory works admirably with one exception which I shall 
now discuss. Since the solution gives the form of the paths in 
which the panicles m the streamer are traveling, one should be able 
o compute an ^hemeris for each panicle and using the constants 
determmtd m the solution compute a streamer that exactlv repro- 
duces the streamer from which the constants were found. It turns 
out that with these constants the streamer on the sunward side of 

the F the streamer can be perfectly represented, but that when we 
compute the position of the particles at a distance of two or three 

1 r T K T' much 

ht: Photograph. We 

plotted iMth the constants obtained by the solution several 

» See F5g. 4 , lot. dt. 
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strcanierrs and they all possess this proi>erLy. This may be inter- 
preied to mean that this mechanical theory of the corona i$ wrong 
or that there are other forces acting on these particles ihan the at¬ 
tractive forces of the snOp and of a repulsive pressure that varies 
inversely as the sq^uare of the distance from the snn^s center. It is 
easy to conceive of many forces such as resistance to motion by 
gases or that the panicles at greatest extensloii of the streamer were 
lighter than those forming the part of the streamer measured. 

We attempted also to apply Bigelow's earlier theory to the for¬ 
mation of these streamers. Miss Smedley was able to shoiv that if 
this (Bigelow) theory is true that these magnetic forces alone could 
produce no streamer of the form described iu Figure 4 f that is, that 
the vectorial angle of the radius vector from the center of the sun 
to any point F on the streamer either constantly decreases or con¬ 
stantly increases as F is moved along the streamer away from the 
sitn. 

Another phenomena which seems very exceptional in the case 
of this eclipse occurs in connection with the polar rays. In almost 
no case are the polar rays arranged exactly symmetrical with regard 
to the axis of rotation of the sun. But in most coronas the vectorial 
angle of a pomi p decreases as tt moves out along a streamer on the 
w'cst side of the axis of rotation; ivhile for those on the east side the 
vectorial angles increase; that is, these rays are gently curved away 
from the axis, but, as I have said, not exactly in a symnieirical way. 
All these things can be produced under the assumption of the mt- 
chanical theory^; but in this eclipse the vectorial angle decreases as P 
moves out along the streamer whether it is on the east or on the 
west side of the axis of rotation, and this is true not only of the 
rays around the norths but also around the south poles. I have not 
had time to investigate whether or not this is possible luider the 
mechanical theory'* 

It seems probable to me iltat the long graceful streamers of the 
corona, at least the part of tViem that is at some distance from the 
sun are largely the product of mechanical influences. The sugges¬ 
tions made by ^Ir. Lampland in the preceding paj^er that of certain 
prominences the inner arches seem to circle around the prominence 
while the outer arches were pointed^ is in my opinion very signifi- 
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cant and seems to me to exhibit the general tendency oi coronal 
streamers to straighten themselves out at some distance from the sun. 

^\"e examined the long streamers on the forty-five second expo¬ 
sure With the 6 ^yi-ioct 'focal-kngth camera to see If one would 
guess from the shapes of the streamers that there was a violently 
disturbed region immediately below them. Our conclusions were 
in the negative, that is, that no one would guess from the shape of 
the outlying streamer that there was violent agitation at the 
solar surface. ITiere are many phenomena that lead one to hclfevc 
that the corona is a magnetic or ekclric product and it is possible 
that it results from a combination of these things. At any rate 
there seem to be abundant reasons to believe that the problem is not 
beyond solution. 

Dr. L. A, Bauer had consented to give a sunimary of the mag¬ 
netic work done during" the eclipse of 1918 at stationa tinder his 
direction, He t\as prevented from doing this hecause of his de¬ 
parture to establish Stations in Africa and Brazil to make magnetic 
and electric obsenations during the eclipse Hay 29. Before leav¬ 
ing he sent a sum man- of the chief conclusions that he reached from 
the observations of the eclipse of June 8 , 1918 , I shall read this 
summary. 


The fonowinff conclusions are drawn mverins ,he chief results of the 
observations made m connettion with the solar eclipse of June 

magnetic effects were observed during the solar eclipse 
f June a* 19 iS, at stations distnbuicd over the entire zone of visibility and 
immediately outside. (How much ftirtlier some of the effects may have 
extended must he left for future study.) The chief characteristics of the 
effms took place genenliy m accordance with the local eclipse circumstancts 
and .t, general accord with effects observed during previous Sp“ erThe 
evidences of a direct relation between the mai^netic effects and the S teS 

dab" "rTado" "the’l^l”* 'hat an Tppr^ 

nable ’lar at on m the Zarih s magnetic field occurs during a solar sellnse 
This particular variation is termed here the v ® eel=PSf- 

atinn.” ^ solar-edipse magnettc van- 

p °pwrr'i.'ito!'«T?o"'S) 'itaf“ i"" 

tone oi vi^abtShy. Tht effects caused ^^rvatcon-station in tliC 

.»p.rp..rt .p,™ .to, 
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masnelfc field in the reffion over vrhicli the shadow-cone has already passed. 
It is thus possible to discern effects having a period appro^hing that of the 
local edipse-inlerva! and others having a period approximately that of the 
entire or terrestrial eclipse-intervaL 

{r) The general character of the system can sing the solar-eclipse mag¬ 
netic variation is the reverse of that causing the daylight portion of the 
snlar-dinmal magnetic variation. The range of the eclipse variation « 
comparable with that of the lunar-diurnal variation, and, like the latter. *e 
variation usually consists of a double oscillation during its period of de 

velopiTicut. _ ^ 

(<f) The range of the apparent effect on the intensity of magnetiialton 

of the Earth during the solar-celipse magnetic variation, is about equal to 
that found associated with a 10 per cent, change in the solar radiation as 
shown by changes in the solar-eonstant values. , j - j-„.. 

(e) The results at the high mountiwn-slation. Corona. Colorado, indicate 
that the magnetic effects during a solar eclipse may be modifirf and even 
intensified h}' altitude of station, topography and meteorological conditions. 
In view of the bearing of these results upon the theory of the solar 
magnetic variation and possibly upon the theory of other variations of the 
Earth's magnetic field as well, it will be highly desirable in the planning 
future eclipse work to include as many mountain-summit states as «n- 
veniently possthle— Trirestniaf J/npae/ffm. March. 191 P. XX n., ao • 


RESULTS OF OBSERVATIONS OF THE ECLIPSE BY 
THE EXPEDITION FROM THE YERKES 

observatory. 


Bv EDWIN B. FROST. 

(Read April 23 , fp/ 9 ,) 


The expedition from the Yerkes Observaton- for the observa¬ 
tion of the solar eclipse of June 8, 1918, occupied three stations: 
the principal one at Green River, Wyonittig. the second at the 
Chamberlin Observatory at the University of Denver, and (3) a 
site near Matheson, Colorado, tvhich had been selected by Professor 
Barnard and the writer on a reconnaissance trip in J917, 

At the last-named station. Professor Edison Pettit, of Washburn 
College, Topeka, Kansas, who was at the time an assistant at the 
\erkes Observatory, aided by Miss Hannah B. Steele, then fellow 
in astronomy at the University of Chicago, and by others, obtained 
some good photographs of the corona with the use of the twelve- 
inch objective of Washburn College, stopped down to an aperture 
of four mebes. combined with a moving plate according to Sebae- 
berle s method. The first slide shows one of Ut. Pettit's best pic 
tures. with an exposure of one second. The weather was unfavor¬ 
able m the weeks preceding the eclipse for a considerable extent of 
e track of totality, but ,t fortunately cleared at Matheson at the 
tme of the eclipse. Other parties which made successful observa- 
imns at this station were that of Professor Loud and Mr. Hartley 
hat from Drake University under Professor Morehouse, and tJt 
from the University of Toronto under Professor Chant 

of ib' Director Howe 

of the use of the twenty-inch Gark equatorial. A special auto¬ 
call mating sp^ro scope with a Michelscn plane grating belonging 
to the \crkes Obficrvatoiy- was adapted in our shops to fit the Den! 
ver equatorraL Professor Schlesinger kindly loaned us an altach- 
meiit from the Porter spectrograph of the Allegheny Observatory 
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whereby we could bring into juxtaposilion images from the east and 
vv'est limbs of the sun. "Ihe scale was about 22 A per mnirp and the 
definition good. The intention was to photograph the green coro¬ 
nal line out to about two minutes of arc from the eastern and Avest- 
ern limbs of the sun in order to determine, if possible, the rotation 
of the corona. \Vith clear tveather, we should have had as good a 
chance of rnaking this test as has been had thus far by other expe¬ 
ditions. The Avriter spent ten days at Denver getting everything 
ready, at the end of ilay, and the observations were to be made by 
Professor it. S. Xyswander. Unfortunately the day was tom- 
pletely cloudy in the vicinity of Denver. 

On the observatory grounds at Denver; we had also installed a 
small ccelostat for the direct photography of the corona, utilising a 
five-inch objective of twenty-tAVO feet focus, belonging to the Den¬ 
ver equatoriah The installation of thb apparatus Avas attended to 
by Professor Paul Eicfeld, of Denison University, who kindly vol¬ 
unteered his services, 

Tlie inain station at Green Riv'er had also been selected in the 
previous year, when it Avas visited by Professor Barnard and the 
writer on a day of extraordinary atmospheric clearness. The 
weather records for many years seemed to promise extremely well 
for this station, although there was much bad Aveather during the 
six w'eeks after our camp w'as established. The elevation of the 
station was about 6,200 feet. The day of the eclipse was fine until 
after noon, whtn white cumulus clouds began to drift across the 
sky. A large triangular cloud covered the sun at the time of first 
contact and moA'ed aAvay with aggravating slowness^ so that there 
was a fair question for twenty minutes previous to totalitj^ Avhether 
or not the sun w'ould be covered by the cloud. Unfortunately the 
cloud did not drift aw'ay until some three minutes after totality. 

.Although Ave had a fine vicAV of the corona and of the brilliant 
prominences through the edge of the cloud* the spectroscopic obser¬ 
vations Avere very' greatly impaired. To me, the Arisual phenomena 
of the eclipse w^cre much more impressive than they' w'ere in a per¬ 
fectly clear sky at Wadesboro in 1900. 

The direct photographs of the corona and prominences Avert 
made under Professor Barnard's direction: (l) with the ccelostat 
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and a six-inch objective of sixty-lwo-feet focus, with the exposures 
by iliss Maty R, Calvert, who had her station in the dark room; 
{a) with the twelve-inch Kenwood equatorial of this Oibservatory, 
operated by Professor Barnard, with several smaller cameras at¬ 
tached to the tube. Professor Barnard makes the following com¬ 
ment on the apparent connection of some of the coronal streamers 
with prominences: 


Appakest Cosnectjox of Somk of the Coronal Stkeameks 
WITH Prom INen'ces. 


Perhaps no photographs of a previous eclipse have shown with 
such beauty and distinctness the succession of expanding arches 
that must have extended abo^'e some of the prominences like great 
spreading envelopes. This is strikingly shown by a large coronal 
form, made up of numerous arches that seem to center about the 
remarkable *’ skeleton " prominence, tbc position angle of whose base 
IS 353*. A sintilar but smaller form and arches art centered about 
a small prominence in position angle ^o6^ ITierc are other cases, 
but the arches are not so well developed. 

The intimate connection of some of the coronal streamers with 
some of the prominences is best shown by a small prominence in 
position angle 234*, from which a coronal streamer apparently 
emanates and in which it seems to have its actual origin. Close to 
this, to the west, is a long, low-lying prominence, in position angle 
240*, m which similar coronal streams seem to have their origin. 
Originating apparently in a projection in the southerly part of this 
prominence, a broad stream bends westward over the entire promi¬ 
nence. From the great prominence in position angle 298° there 
are strips of matter apparently streaming southward toward the 
equator, as if impelled by some directing force 

•• On accoiiM of the large scale on which they are taken, these 
feature, are shown to good advantage „n the photographs with the 

6 iJ 4 -foot ccpiostat.” 


It had heen my hope that we conld apply ,o the problem of the 
matton ot the corona the method of the interferometer m 
M y used hy Messrs. Kabr,-. E«is„„ and Bonrge. in photographing 
in er erence fringes in the Orion nebula (Aslrophy^ital Jounul. 
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Vol* 40, pp* 541-258, 1914) ■ WTiite this method would be quite dif¬ 
ficult of application and there might be a reasonable doubt as to 
whether sufficient exposure could be given to secure a proper im¬ 
pression of the rings from the green coronal line, nevertheless a suc¬ 
cessful photograph would be of the greatest value, both for studying 

internal motions of the corona and its rotation as a whole. 

I had the great advantage of discussing this ^vith Fabry' 
during his visit to the United States as chairman of the French Sci¬ 
entific Mission. He very kindly offered the loan of the apparatus 
used at Marseilles, and. if it had arrived in lime, we should have 
tried the method, employing a rather small image of the sun in t e 
hope of getting sufficient intensity. Unfortunately the apparatus 
did not reach us until long after the eclipse, 

I hope that this method will be properly tested at some future 

eclipse. 

The flash spectrum as hitherto photographed has represented a 
composite of tlie successive images of the different retersiiig Imca 
during the critical second or two at second and third contacts. Ex¬ 
ceptions to this have been the instances where Professor Campbell 
has employed a falling plate. I am not sufficiently familiar with 
the results thus obtained, of which I have not seen reproductions, 
to know how definitely the different stages of the brief phenomenon 
arc recorded. It seemed to me that the movie camera was at pres¬ 
ent in a sufficient state of development to be successfully applied to 
this problem. A -‘UnlversaU’ type of camera was employed with 
its short-focus lens removed, and this was attached, without altera¬ 
tion or injury to the machine, to an objective-prism spectroscope 
having three lai^e Mantois prisms and a special camera lens of 5 
™. aperture and 40 cm. focus. This gave a scale of 13 per mm. 
in the vicinity of Hy, Only a small portion of the spectrum can 
be photographed with the commercial machine because of the size 
of the film, which allow-s an image i inch X M inch (25 mm. X 10 
mm ). A region would naturally be selected in which mipor^t 
lines occurred, or such as it was desired to study particularly. The 
correct exposure was naturally a question of some uncertainty m 
advance of the event. This is, of course, determined by the rate at 
which the crank of the machine is turned, It is arranged for eight 
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pictures per turn, and after some preliminary experiments, I decided 
that it was safe to have the crank operated at the rate cif two turns 
per second, giving sixteen pictures per second. Inasmuch as about 
half of the time was used in moving the film between exposures, this 
would represent about of a second for the exposure. On ac* 
count of the clouds still lingering over the sun, it was not possible 
to obtain satisfactory pictures at the beginning and end of totality 
for bringing out the delicate details of the flash. But it is perfectly 
evident from the pictures that an excellent record of the successive 
stages of the development of the flash would have been obtained if 
the sky had been clear. 1 his slide shows a few of the pictures taken 
several seconds after totality; it will be possible to notice the tips 
of bright gamma still reversed. The next slide shows a few of the 
exposures, successively of the 15th, iSth and 23d seconds after 
totality. Over 2,000 impressions of the spectrum were obtained. 

Another and important advantage of this method is that it re¬ 
moves all the uncertainty gf making the exposure at the correct 
instant to secure the flash. This has been a matter of difficulty 
and consequent nervousness on the part of the observers, even if 
the signal should be given by a person observing the flash itself 
visually. By beginning to operate the machine half a minute before 
the «pected time of totality, and running it for a few seconds after 
totality has begun, there could be no doubt about catching the phe¬ 
nomenon at all the stages and hence precisely at the best instant. 
Thus the htstoo- of the reversal of each line shot.ld be shown, and 
It would be very different for those of high level and those of low 
evel. This cou d be demonstrated to an audience or ,0 a class bv 
the use of the film itself, and the film of course could be measured 
as well as an orditiari^ photographtt plate. 

It b very .„J. to™,,, 0 

impress 1 dot on the 1.1m „efy .eomd or half second, so that the 

r'fflair":,”' '“I' G„en River, 

Mt. Blaktl« of ottr staff opemted the crank and he tva, to receive 

the si^ni from me ns 1 traehed the spectrum with > spectroscope 

for tta pntpose. However, I decided during the partial phase .h« 

. would be safer to t.g,„ ,h. exposure one minnte before the pre- 

diced t.n« of total,ty. As a matter of fa«, owing .o the cloud t 
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unablt to see the flash spectrum at the beginning oi totality and 
could see the reversal of but few lines at the end of totality* 

It vvotild also be perfectly feasible to operate the film by a direct 
connection whh a chront^raph, controlled by a conical pendulum j 
or, if desired, a graduaied change in race of rotation could be given 
so that a longer exposure would result before totality (say, an 
exposure of second) and a still shorter (say, second), thirty 
seconds before and after the contacts. I sincerely hope that this 
simple method will be included In the plans for the next eclipse 
expedition, because with clear weather it practically guarantees good 
results* 

I mav say here that it is unfortunate that better records of the 
eclipse were not obtained with movie niachineSr So far as I have 
learned no first-class picture was obtained. I took pains to notify 
some of the film companies, explaining how important it was that 
they should not depend upon their usual short-focus lenses (two to 
three inches), but that they should use lenses of at least twenty or 
thirty inches focus* Some commercial operators at Denver were 
prepared to do this, and doubtless w'ould have obtained results both 
instructive and interesting if the weather had permitted. 

Our program also included the photography of the infra-red 
region of the spectrum, with the use of films stained wdth dlcyanin* 
in connection with a small concave grating of sixty Inches focus, 
used directly. This was the instniment 1 had employed at Wades- 
boro in 1900, It was operated by Professor S, B. Barrett, but no 
results in the infra-red could be obtained through the cloud. It 
might be a question whether there would be ordinarily time enough 
for sufficient c.xposure for the infra-red, and probably future plans 
in this direction should insure an abundant light'power in the spec¬ 
troscope. 

In connection with the apparatus arranged by Professor Park- 
hurst for the photometric study of the corona was a reflecting tele¬ 
scope of six inches aperture and sixty inches focus, covered by a 
15" prism of itltra-violci glass of the same aperture. One of the 
exposures made w4th this instrument is shown hcrewtth, as it brm^ 
out an interesting point with respect to the large prominence in posi¬ 
tion angle 255% already shown from Professor Barnard's negative 
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and designated fay some as the 'Mieliosaums/" As may be seen 
from the slide, the prominence is visible duly in the H and it' lines 
of calcium. If present at all in the other emissions it is too weak 
to impress the plate. On the contrary, llie quiet prominence at 
position angle 297^ (=north latitude 40°) appears also in the 
Hy, and Hd lines, and the prominence at position angle $ 1 ° (= north 
latitude 26^) is bright in helitiin £>i as well as in the hydrogen series. 

The low prominence or uncovered photosphere at position angle 
240° {= south latitude 17“) shows a remarkable extension into the 
ultra-violet, the bright group between wavedeiigths 3350 and 3390 
A being especially strong. This prominence is an origin of coronal 
streamers^ as Professor Barnard has shown in his paper on page 223. 

Tlie eontinuoits spectrum of the corona is so strong that it masks 
the narrow rings due to the bright coronal lines at wave-lengths 
5303, 4231 and others. 

YatKES OBSE31VAT0KV, 

April iBt 191a 


THE BASIS OF SEX INHERITANCE IN 
SPH/EROC,ARPOS. 

By CHARLES R ALLEN. 

(Rtod April iS> tm ) 

SPH^ERocARtcis IS Cultivation. 

The studies here described were made upon cultures of Sphs- 
focarpos Donncllii Aust. growing under greenhouse conditions. 
Through the kindness of Dr. A. B. Stout, living plants of this spe¬ 
cies were received from the New York Botanical Garden on Jati 
uary ij, 1916. These plants, as Dr. Stout informed me, had been 
obtained from Mr. Sever in Rapp, Sanford, Florida. To a request 
for additional material Jlr. Rapp very generously responded, as he 
has to later similar requests, and the greater part of my present 
cultures of this species began with material which he sent. Plants 
have been received from Mr. Rapp on February 4 and March to, 
1916, on January 21 and February 23. ipiS, and on April to, 1919- 
On February 16, 1916, plants of Sphtjcrocarpes were obtained for 
class use from the Plant Study Company, Cambridge, Massachu¬ 
setts. A letter from the company informed me that they had been 
collected at Miami, Florida, by Miss Gara Hart. Some of these 
plants were used also as starting points for greenhotise cultures- 
Plants of all the cultures here referred to have been identified as 
those of 5. DiftiwUii, and this identification has been confirmed by 
Miss Caroline C. Haynes, to whom were sent representatives {in¬ 
cluding sporophytes) of each set of cultures except those derived 
from the last lot of plants supplied by Mr. Rapp. 

My experience has shown that the thalU of S'. Doiinellii (and of 
5. mxantis Aust. as well) can be kept growing indefinitely, the pos¬ 
terior portions dying as growth continues at the anterior end. This 
applies to the gametophytes of both sexes, although the male thalh 
are much more susceptible to unfavorable conditions and it is only 
with some care and difficulty that cultures of the male plants can be 
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kept in healthy condition. In mixed ciilture$ the Eemale pknts 
crowd and choke out the malcSp which latter In such cultures are 
sure sooner or later to disappear. As already indicated, 1 have 
cultures {now purely female) which have been growing continu¬ 
ously since the early months of 1916, the plants having multiplied 
as a result of their branching and apical groAvth and of the death of 
the older portions, as vvell as by regeneration which occurs freely 
under a variety of conditions from the lateral loheSp from the body 
of the thallust and from the iiivoliicrcs. Sporophytes have been 
formed and the spores scattered in some of the cultures, in which 
cultures therefore not all the individuals now living are the result 
of the vegetative growth of those originally present. It is easy, how¬ 
ever^ to obviate this possibilityp so that a culture (cion or pure line) 
of any desired extent can be obtained which is known to have been 
derived by vegetative means from a single ganietophyte, or from 



Spk^osQrf^oi D&merni Living fem^Jc (Fig, i) and mate (Fig. 2} 
plantSx Receh'ed from Sanf^^ni, Florid^ April 10, 1919;; drawn April ijp 
igig. A very small pertifln pf the anterior end qf each plant (the upper ends 
in the figures) represents growth since transference to the greenhouse; other¬ 
wise the plants are typical of those in nature. Drawings hy Miss Martha 
Engel, X 7. 

the germination ot a single spore, My oldest mate cultures date 
from spores which were sown June r6p 1916^ the plants derived 

from which were transplanted and have been kept in culture since 
March lo, 1917. 
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C. and R. Douin (1917) report having kept female plants of S, 
icrrestris (=S, Mkhelii Bell,) and 5 , caiiformats {=S. ff-TOiiwi 
Aust,) in cultivation for nine or ten months, and conclude that the 
female thallt “may live indefinitely at a suitable humidity.’’ The 
male ihalli, however, they say, are much less resistant and “dis¬ 
appear little by little in the presence of humidity.’’ Campbell 
(1896) has noted the appearance of Spharoearfos plants (appar¬ 
ently of both sexes) in a culture of other liverworts grown under 
glass, and Goebel {1907) describes a culture of female plants which 
had grotvTi vigorously for two years. So far as I know, these are 
the only previously published accounts of Spharocarptfs in culture. 
In my Otvn work, best results have been obtained by growing the 
plants in pots containing a mixture of about equal parts of clay loam 
and sand. The pots stand on earthenware plates or enameled metal 
pans in a Wardian case; a little water is kept in the plates or pans- 
The soil in the pots is thus constantly moistened from below. Un¬ 
der these conditions contamination of the cultures by other organ¬ 
isms is kept at a minimum, though of course by no means entirely 
prevented; and, even in case plants of both sexes are grow ing m 
the same pot, fertilitattoii does not occur. Fertiltiatlon can be 
brought about when desired by flooding from above with sterilized 
water a pot containing male and female thalli. The plants must be 
transplanted occasionally, both to relieve overcrowding and to free 
the cultures from contamination, especially by blue-green alg®. 
which are the greatest source of trouble, The only other weeds 
that cause serious annoyance are mosses, and they are not difficult 
of exclusion when a culture is once free from them. 

Campbell (i 8 y 6 ) aud C. and R. Douin (1917) 

SpInFFocorpos under greenhouse conditions takes on a form notice¬ 
ably different from that which it exhibits in nature. Campbell s 
plants were either (or both) those of S* cotifonticiis Aust., which 
Miss Haynes {1910) and the Douiiis agree is identical with S. 
tcxoiiiis Aust., or of 5 . cristaias, a California species later separated 
and described by Howe (1899)- The Douins* statements apply to 
both 5 , MicItcUi Bell, and S. lexautts. 

The observations of these authors are confirmed by my own on 
5 , Dotiiifllii. Figs, t and 2 represent female and male plants, re- 
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spcctively, drawn (living) a tew days after their receipt from their 
native habitat (Sanford, Figrida), and therefore fairly typical of 
the wild form. The female and male plants shewn in Figs. 3 and 4 
were taken from greenhouse cultures nearly three years old. The 
most conspicuous differences result from the fact that the plants of 
both sexes, and particularly their vegetative parts, grow more rap- 



Sfrhernfarpot Domurllii. Living female {Fic. 3) and male (Fic, 4) 
plants from greenhouse cutiures, Rhiioids not shown in Ftp. Drawings 
by Miss Martha EngeL X 7 ~ 

idly and more luxuriantly under favorable conditions indoors; the 
branching is tltus more noticcablct and the lateral lobes especially, 
w'hich in the wild plants are ordinarily insignificant, become, as pre- 
vious obscn'Crs have noted, decidedly leaf-like. The involucres 
surrounding the sex organs become slenderer and often longer, the 
archegonial involucres being characteristically tubular in the green¬ 
house form. The orifices of the archegonial involucres are fre¬ 
quently quite wide in plants grown in the greenhouse, though this 
was not true of most qf the involucres of the particular plant shown 
in Fig, 3- As a result of the greater development of the vegetative 
parts and the lessened diameter of the involucres, the latter (in both 
male and female) appear less crowded in the cultivated than in the 
wild form. Similar modifications appear in cultures of S, le.ranus, 
as is shown by a comparison of Figs. 5 and 6 (wild form) with - 
Figs, 7 and 8 (greenhouse form). The plants shown in Figs. 5 
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and 6 sent from Austin, Tools, by Professor F. JIcAlUsier, 
those shown in Figs* 7 and 8 were from cultures which began wit 
plants received from Professor R. S. Cocks, New Orleans, January 
|E 1917, the drawings having been made in February, 19 ' 9 ' 

It must be noted, in considering the differences in question, t t 



SpherofQtpos ttxamts. L!^Hng female (Fit s) and male (FiC. 6) plants 

as found In nataft- Received from AustiHi TesaS, FcbniaT> I3 f riwn 

February iSt i9l9r Drawings by Miss Martlia Engel. X 7^ 


in such characters as the siae and form of the lateral lobes, size, 
form, and closeness of distance apart of the involucres, and size of 
orifice, there is great variation between individual plants in the cu - 
tures, as well as evidently also in nature. Crwupare, for sample. 
Figs. 3 and 9, both representing female plants of S. DQnnem from 
greenhouse cultures, that shown in Fig, 9 bearing sporophytes. 
Much of this variation is obviously due to environmental conditions, 
but some of it apparently to the existence of differing strains of 
sub-specific rank. 

The changes that appear under cultivation seem not to be corre¬ 
lated with any loss of function on the part of the sex organs or o 
the gametes. At any rate, it is easy, as already noted, to secure fer¬ 
tilization. as a result of which sporophytes are formed in abundance, 
especially in late winter and spring. At other seasons either fertih- 
zation or sporophytic development seems to meet with more dith- 
culty, and the proportion of sporophytes obtained is ordinariy 

smaller* 


294 AIXEX-SEX INHERITANCE IN SPH^EOCARPOS. 


The spoTophytes appearing in ihe ciJtureB have given rise to 
spores which were apparently normal in every respect and which 
germinated, although thus far there has always been a considerable 
proportion of ungcrminated spores. Whether this failure of some 
of the spores tO germinate is due to a lack of viability or to a failure 
to provide the most favorable conditions for germination is a ques* 
lion yet to be determined. The spores of 5 . DomieUi! in my cul- 



SphartfcarJ’Oi texanuf. Living female (Fic, 7) and male (Fjc. 8) plants 
rrmii EfKfihouse cultares. Rhiioidi not shown. Drawings by Miss Martha 
Enacl- X ?. 


tures invariably remain united in tetrads (Fig. ii), even to a time 
when the capsule wall calyptra, and surrounding involucre have 
completely broken down and the spores consequently are being 
scattered.' Such a persistent union of the spores is characteristic, 
as IS well known, of other species of Sph^orurpos, but not accord¬ 
ing to aiiss Haynes (1910), of 5 . Dommllii as found in nature 


The Sex Ratio in Spujerocarpos. 


C. Douin ( 1509) investigated the sex of the respective members 
of groups of the thaili of Sph^cracarp^y, ,he members of .mnn 



ing the sports to bceomt wparated from one another. 
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two of the four spores of a tetrad develop into female plants and 
the other two into male plants. In 9 of Si stuped, more 
than four plants were present in a single group; but on the assump¬ 
tion that two tetrads had germinated in close proximity, these eases 
were broi^ht into harmony with the rule. In only four instances 
of the Si the distribution of sexes was " abnormal ” (5 females an 
3 males, l female and 3 males, and in two cases 3 fenia es an i 
malel The plants thus studied by Douin apparently include rep¬ 
resentatives of both 5 . Mkhclii and 5 . 

furnished was cited by Sirasburger ( 1909 ) ^ ‘ 



FiG. 9 A female plant of Don»f>iii from a Sr«nhoUK 

*;rr r a ssi.r‘ 

.wins .< t 

slllS'SVi'e wr' 

31 X Draviogs by Msss Martha Engtir 


.hs .es t«nd»™A wgh. tofethsr m ths .n,oa ,1 a"<l 

s.*.ro.oid sod rsiosMog onW, thoogh of coorso oo> fiodmg 
presaioo, doriog rtio lifo of -h. sporophylo, srs soparsBd !» 
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reduction divisions which result in the formation of four sports 
froni each spore mother cell—a notion strongly suggested by pre¬ 
vious investigations of dioecious liverworts and mosses. 

Spores being available in considerable numbers in my cultures, 
it seemed worth vrhile to attempt to determine whether the conclu¬ 
sions thus arrived at for the European species bold likewise for 
S. DontielliL Spores liberated by breaking the capsule tvall in a 
drop of water were sown on soil June t6, 1916. Spores sown at 
this time of year have been found to be relatively slow* in germina- 
tion; the sporelings appeared during the following autumn and win¬ 
ter. On March lo, 1917, most of the plants that resulted having 
begun to produce Involucres, those that had grown from the spores 
from two capsules were carefully examined, with the results shown 
in Table I. As a rule, plants of a group of four could be reason- 


TABLE I. 

Sex of Plants Gmwk fmii Swtes fbon Two Capsules or 
Sphsrmarpos DifnncHn (Cuvnuz PSCaB), 

Spore tetrads sown June ilS, tg[«; pSants examined March id, ipty. 

2 f 6 iiial« 3 p 2 itiaJes ...... ^ 

2 fematesp i male ^ ^ P 

1 fctnalep 2 males ....! ',!! * i 

1 femakp i male ... ^ p 

2 females. .. 

2 males .. .group 

I female. „ .. .. ^ 

I male . 

I f=mak 3 mate.. l> . .. .. 

, . 3 BTOups 

^ ^ .-I group 

3 females, i mate, , *,__ * ^ ^ ^ J group 

4 femalcSp 2 males^ ,.. _ * ^ ^. group 

a fcinatesp 3 males, 2 ? .+ ^ , group 

3 femaks, 2 males, ^ ^ ^ - +... group 

-- -F.t group 

Totals j 30 fematts. 32 malej, 14 (?), 

ably assumed, bycausa uf ,he,V eoutiguity, have come from ,h. 
spores of a emgle temi Sometimes, houever, the plants in a 
group were suffieienUy separated to make their relationship, thoimh 
probable, open to question. Isolated plants, ar groups of two or 
three, evidently mdieated that one or more spores had failed to 
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germinate, or that the sporelings growing trom them had died. A 
question mark ( ?) in the table indicates that no involucres had yet 
appeared upon the plant in question, so that its sex could not be 
determined. 

It is plain that all the cases shown in Table I., with the excep¬ 
tion of the last four, hamiotiiee with the expectation of two females 
and two males. The last three cases can be made to harmonize by 
the assumption made by Douin, namely, that two spore tetrads 
germinating tu dose proximity may give rise to a group of eight 
plants (or fewer), rvhich will be e.xpected to include font females 
and four males. There remains one case (of three females and one 
male) which does not agree with ihe expectation, unless it be 
assumed to represent the four survivors of a group of eight. 

However, it appeared from this study, as well as from a more 
extended observation of the behavior of plants in culture, that the 
question of the sex potentialities borne by the spores car be finally 
settled only by the use of more exact methods. The sources of 
possible error are at least three: the impossibility of determining 
with certainty just which plants have come from the spores of a 
single tetrad; the multiplication of plants as a result of their branch¬ 
ing and the separation of the branches as independent plants, either 
by accident or by the death of the older portions; and the produc¬ 
tion of new plants by regeneration. All these sources of error are 
likewise present in the obsen-ation of plants growing m nature, 
although the second is perhaps less important under these conditions 
because of the slower growth out of doors. It is thus quite possible 
that Douin’s “abnormal” eases may not be real exceptions to the 
general rule; although, on the other hand, it must be admitted as at 
least conceivable that in an occasional instance an error from one 
of the causes mentioned might make a really aberrant case seem to 
agree with the mie. The possibility of a modification of the appar¬ 
ent sex ratio as a result of branching or of regeneration has recently 
been recognized by Doiiin (C, and R, Douin, 1917). 

Attempts to develop better methods of studying this question 
led to the sowing of isolated tetrads on various substrata. Diffi¬ 
culties have been met with in securing favorable conditions for 
germination and in preventing contamination, and the results thus 
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far ^re ^malL In one cuUure, howeverp a sufficient number ol 
germinations u^ere obtained to make the results of some value (Ta- 
ble II.). In this case ^4 tetradSp all from a single capsule, were 
sown on filter paper which was moistened with a nutrient solution 
made according to the formula given by £. and £. Marchal (1907), 


TABLE IL 


Sex or Plants Deb-U^ moM Spores One Capsule or 
Sph^ocarpos DohikHU (Cultuhe Rij). 

Spore tetraids sown separately on moistened fitter paper March 17, ipiyj 
sporclings separated and removed to pot^ of soil May 25 to June l, 1917. 


2 females^ 2 male^ + + *_________ 

2 lemaks^ i male *___ 

1 female, 2 tnalei .. 

1 female, 1 male . ^ __ 

2 females, . ^__^^ 

1 female, ....... 

I male ___ 

[ lemalq. t male, 1 ? .. *.... ^,,,.. 

r female, 2 ? ... 

1 female. J ? ___ 

3 males, j ? ..... 

t male, j ? ^. 

Totali: 15 fcnialcsH 14 males, 12 (?), 


...I group 
... 2 groups 
... I group 

^ 4 . 1 group 
...I group 
■ -« I group 
^-4 i group 
... I group 
... 2 groups 
... i group 
- - - I group 
-^.3 groups 
... [ group 


placed in a petri dtsli, and sterilized before the spores were sown. 
The spore]ings were removed from the filter paper while they were 
still very small and while their attachment to the spore wall could 
still be distinguished: there could thus be no question as to the origin 
of the plants of a group, and their youth precluded the possibility 
of a previous multiplication by vegetative means, The sex of the 
plants t\as determined, so far as this could be done, at the time of 
their removal from the filter paper, and each was transplanted to a 
separate pot of soil. In the cases in which the plants continued to 
live after transplanting, observations as to their sex were made 
after further development. Some of the plants died after trans¬ 
planting and before producing involucres, and these are the ones 
whose sex is indicated as doubtful in the table. 

Although more extended observations are desirable, it seems 
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quite dear from these results that the general conclusion arrived at 
by Demin and Strasburger for the species of Sphisrocarpos consid* 
ered by them applies also to S, DottnelUi —namely, that the differ¬ 
ences which distinguish female from male plants result from differ¬ 
ences in the spores that are to give rise to them, and that of the 
spores formed by the division of a single mother cell two bear fe* 
male potentialities only and two male potentialities only. It seems 
probable, too, that exceptions to this mle, if any occur, are less 
frequent than might be thought from Douin's observations,—his 
apparently aberrant cases probably having resulted from some of 
the causes of error already noted. It is not intended to be sug¬ 
gested. however, that positive exceptions to the rule will not be 
found. The possibility of such exceptions will be discussed on a 
later page. The occurrence or non-occurrence of an exceptional 
distribution of sex characteristics, and the proportion of such ^ur- 
rences, if any. are evidently to be determined by the observation of 
thousands of plants rather than of a few score 

It will be noticed from Tables I. and IL that the number of 
plants certainly referable to the respective sexes is substantially 
equal: in the one case 30 females and 32 males, in the other 15 fe¬ 
males and 14 males. Thus it appears that so far as power of germi¬ 
nation is concerned there is no marked difference between female- 
producing and male-producing spores. This fact is striking m vievv 
of the great difference in favor of the female plants m rate of 
growth and in power of resistance to utifavorable conditions. Ap¬ 
parently this difference, which for want of a better word may be 
spoken of as one of “ vigor,” does not exist, or at least come to ex 
pression, as between the spores, but becomes apparent at some time 
after germination and during the development of the gatnetophj 
While there seems to be no difference between the female- and 
malei-producing spiores in their capacity for germination, it remains 
possible that there is a difference in time or rate of germination. 
On this question the foregoing observations throw no light, but a 
suggestion is furnished by a recent set of experiments in which an 
attempt has been made to study this particular point. On December 
27 and 28, 191S, 67 tetrads from two capsules were sown in as many 
pots of soil, one tetrad to a pot. Germination has been slow, and 
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additional sporcHngs are still occasionally appearing. However, 
the slowness of germination has given opportunity for the entrance 
of blue-green algse, whose presence in quantiU' either checks further 
germination or results In the death of the young sporelings while 
very minute. The germinations observed in this series have re¬ 
sulted as follows : 

In 12 pots, I female sporeling; 

In 4 pots, I male sporeling; 

In I pot, 1 of undetermined sex; 

In I pot, I female followed by r female; 

Ini pot, t male followed b3' one male, and this bj' one of undeter¬ 
mined sex (the latter possibly, though apparently not, a regenerated 
shoot); 

In I pot, 2 males appearing nearly or quite simultaneously; 

In I pot, 1 female fotlow'edbys of undetermined sex. 

Thus in 14 cases a female-producing spore seems to have been 
first to germinate; in 6 cases, a male-producing spore. While too 
fragmentary to furnish a basis for a conclusion, these figures sug¬ 
gest that there may ^ a difference in rate of germination in favor 
of the female-producing spores. 


The Chromosomes of Sphjerocarfos, 

Sphirrocarpos suggested itself as a favorable plant in which to 
look for a possible chromosome difference between the sexes, both 
because of its marked sexual dimorphism and because of the Strong 
evidence of a relation between chromosome reduction and the sepa¬ 
ration of sex potentialities. So far as published records show the 
only previous attempt to study the chromosomes of Sphf^oc<,rpos 
was by Strasburger (1909), who reports that neither in the nuclear 
divisions m the spore motlier cell nor in the structure of the nuclei 
formed by these divisions did he find any evidence of the separation 
of structures that could be interpreted as the bases of sex differ- 


In April, 1914, through the courtesy of Professor Mangin and 
of i ■ Capn^ of the Museum dTiistoire naturelle of Paris, I was 

T"" ^ Sph^oerpas (probably of 

M.ck.l„) ,n the neighborhood of Eois-le-Roi. Some of this mate- 
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rial was fixed add studied in Professor Mangin’s laboratory. The 
amount available was too small and the stage of development for 
the most part too advanced to furnish definite results ; but it gave 
an opportimity for acquiring a familiarity with the plants and for 
testing methods of fixation, men greenhouse cultures of 5 . Do,t- 



-v\ 



Fits. 12 AXD 13- Chixunosome groups froiti fetitale Barnetopbj^cs of 
Sirharfitcarpos Do;intUi!: Fig. 12, from a tasal cell of an aichegonc; Fig. 13. 
from the basal part of a young arcbegonial Involucre; x, the large 
some. Fics. 14 AKD 15. Chroraosome groupi from male ^metophytes ot 
S. Donnillii: Fig, 14, front tbe wall of a youitg antherid; Ftg. I* 
projecting superficial cell of tbe apical meristem. possibly an auibendul 
initial: y, the small chromosome. X33«. 


ncllii were later obtained in vigorous condition, the cytological study 
was renewed. Some of the results of this study have already been 

briefly reported (AHeu, 1917&). nr 

Figs I ^ and 13 show typical chromosome groups from cells ot 

the female gametophyte; Figs. 14 and 15, corresponding groups 
from cells of the male gametophyte. In each ease, as the ^res 
show, eight chromosomes are present. In the female, one of me 
eight chromosomes fx. Figs, 12.13) is much longer and thicker than 
any of the others. The other seven differ in length among them¬ 
selves. It is probable that all the individual cliromosomes of ditter- 
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the chromosomea iti favorable positions to make such identificatlofl 
reasonably certain- However, in all of the numerous division fig¬ 
ures that have been seen in various parts of female plants the single 
large chromosome is present and conspicuous. 

The chromosome groups of the male contain no element at alt 
like the large chromosome of the female. Seven of the chromo¬ 
somes of the male, varying in length among themselves, seem to cor¬ 
respond to the seven smaller ones of the female. The eighth chro- 



Flc. i6. A group of cells from a developing amheridtuni; nuclei Ip late 
prophase; y, y- the jniil] chromosonie. XjSoo. 

mosome (y, Figs. 14. 15, t6) is very small. This small chromosome 
is not always easily distinguishable. In the group shown in Fig. 14, 
for instance, the body y is very lightly stained: the same is true of 
the body similarly identified in cel! A, Fig. 16- However, in the 
majority of cases, ^ in cdls B. C. D. and £. Fig, 16. and in the cell 
shown in Fig. 15, in which the chromosomes arc unusually widely 
scattered, this small element is stained like the other chromosomes 
and IS plainly one of them. It appears certain, therefore, that a 
very small chromosome in the male in some way corresponds to, or 
replaces, the very large one of the female. 

Figs. 17 to 31 show stages in the division and separation of the 
chromosomes in dividing cells of the female. In the cell represented 
m Fig. 17 the chromosomes or most of them, including the large 
one. are loitgiludinally split. Figs, i8 to ao illustrate a peatliarity 
in the behavior of the large chromosornc-namely, that its daughter 
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halves are the last to separate in the mctaphases (Fig. i 8 ). and that 
they lag behind the other daughter chromosomes in their passage 
to the poles of the spindle (Figs. 19. 20). Even at the late stage 
shown in Fig. 2 J, the large daughter chromosome moving towar 
the lower pole of the figure is still a little in the rear of its fellows, 
which have reached the spindle pole. In this respect the behavior 
of the large chromosome recalls that of the X-chromosome m the 
heterotypic divisions of certain insects, and in some cases at least 





Fies 1--21 Stases in nyclear division in the femak 
Fig. 17, a late prophase, the chromosomes showing 

Ji of the cotyptra; Fig. 18 , a metaphaie in an mvolncral cell; Fi*- *9- ^ 
a^lphesc in an inv^lucr.l cell; Fig. a taler anaphase 
lobe ; Fi^- 21. a diasler in a cell at the base of a young iobc, 
chromosoint^ X jSoo. 


in the homoeotypic divisions of these animals as well It « qmte 
possible, to be sure, that this lagging of the large chromosome o 
Sph<rr<}carpos is merely a result of its proportionately great siae- 
Relatively few division figures have been observed as yet m 
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devdoping sporophyte. Those which have been seen show that 
about sixteen chromosomes are present and that one and only one 
of the ^oup is much larger than the others, being, therefore, ob¬ 
viously derived from the female parent. Fig. 22 represents the 
Ewo anaphase groups in a dividing cell of a young sporophyte; each 
group shows fifteen chromosomes^ one of which is the large one. 
The sixteenth chromosome which would be expected to appear in 




Fie, 22, Two aiiaphasc diromosome groups in a dividing cell of a young 
&porophytc: the eroup &etn ai an upper, that seen at a lower, foctis; 

jr, ihe large chromo&ome. X jSoo. 

each of these groups is, ii seems likely, the small element derived 
from the male parentt which here is not seen cither because of its 
too light stain or because kh hidden by one of the others- 

The first division of the spore mother cell nucleus (the hetero¬ 
typic division} has not yet been seen - but a considerable number of 
spore mother cells have been found in which the secofid (homceo- 
typic) division was in progress. In every one of these latter cases 
in which the complete series of sections of a spore mother cell w'as 
present, one of the tw o spindles in the cell bore a large chromosome, 
and the other did not. Figs. 23 and 24 show polar views of the two 
homoeotypic metapluase groups in a single spore mother cell; in the 
group of Fig. 24 a large chromosome (apparently longitudinalty 
split) is present; the group of Fig. 23 includes no large chromo- 
sotme. .An exact count of the smaller chromosomes has not been 
found possible at this stage because of the irregularities in their 
shape and distribution. The fact that a single group is commonly 
represented in several sections (those chosen for Figs, 23 and 24 
are unusually favorable in this respect) involves additional diffi^ 


etdties. 


The concluston seems iivarranted!, from the presence of a large 
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chromosome on only one of the two homtEotypic spindles in a spore 
mother cell, that in the heterotj'pic division the large and small chro¬ 
mosomes pass respectively to different daughter nuclei. This means 
that the separation of these two very' different bodies Is effected In 
the same division as that which, on the basis of the best eytological 
evidence, seems to result in the qualitative separation of other (“or¬ 
dinary”) chromosomes. It remains to determine from a study of 
the heterotypic division just how this separation is brought about. 



Figs. 23 Jind 2+ The two chromoMme groups, sren in polar view, iti a 
tnetaphase stape of the htHntrotypic division in a spore mother cell. The 
RTcat majority of the chromosomes on the two spindles (shown in Fiji. 23 J» 
and 34 A} were in the same section; Fig. 23shows a single chromosome 
belonging to the group of Fig. 23R, appearing in the previous section; and 
Fig. 24R, two chromosomes (or a dividing chfomosome) belonging to the 
group of Fig. 24..d, and appearing in the following section; w, the large 
chroMosomfi. X 5 ®™- 

Of the four nuclei formed in the spore mother cell, two sister nude!, 
and therefore the two spores into which these nuclei pass, receive a 
Urge chromosome each; the other two nuclei (and spores) receive a 
small chromosome each. Since the lar^e chromosome is always 
present in the cells of the female and never in those of the male, it 
follotvs that a spore receiving a large chromosome must develop, if 
It develops at all, into a female gametophyte. and that a spore re¬ 
ceiving a small chromosome must develop, if It develops at all, Into 
a male gametopliyte. 

The CltaoiiosoMES A^'t) Sex Characters. 

"WTiat I have hitherto referred to respectively as the large 
and the “small” chromosome of Spharocarpai are so closely simi- 
Ur in appearance and behavior to the sex chromosomes of various 

flin.. SQC .yOLh LVIll. Tfc AUG. II, 


P]£0C. AT>m.- 
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animals—especially of such insects as Lyg^is 2 .nd Euschistus (Wil- 
5011* 1906, 1912; llontgomeryp 1911)—that in the remainder of the 
present discussion they will be designated, as commonly are the 
apparently correspondiiig bodies in aninialSp the (large) and 

'"Y-"' (small) chromosomes. This terminology is borrowed for 
the sake of simplicilyp in spite of the fact that it may require revision 
in the light of future investigations. 

Whatever may later appear in this respectp at present the prob¬ 
lem of the relation of the X- and Y-chromosomes to the complexes 
of characters that distinguish male from {emale seems to be similar 
in its broadest terms in Sph^oc{^rpcs and in those animals whose 
possession of sex chromosomes has been demonstrated. The sug¬ 
gestion of an underlying similarity, however* does not invdve main¬ 
taining that the precise relation of these particular chromosomes to 
certain hypothetical sex-determining factors is identical in all organ¬ 
isms In which X- and Y-chromosomes are found. Indeed, there 
appear at present to be. as regards the relation between special 
chromosomes and characters distinctive of sex^ three quite different 
types of cases: 

(a) Those in which* in terms of the chromosomes* the female 
is homozygous because it possesses what Wilson (1909) has called 
tivo -elements"—the X-element in different instances being a 
chromosome or a group of chromosomes j and the male heterozygous 
because it possesses either one X-element onH\ or one X- and one 
Y-elemem j the \-element^ if presentp sometimes consisting of one 
body, sometimes of a group. To this class are noiv referable a 
large number of animals representing several phyla. 

(b) Those in w^htch the male is homozygous p possessing two 
X-elements* and the female heterozygouSp possessing one X-element 
onlyp or one X- and one \ -element. This class, apparently smaller 
than the firstp is established upon the basis of suggestive cytological 
observations which in no case as yet cover the whole life history* 
and of a larger amount of evidence derived from experimental 
breeding. 

(r) Those in which the female possesses one X-element (or 
chromosome)* the male one Y-ekment* and in which the diploid 
generation (the sporophyte) is heterozygous in terms of the chro- 
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mosome^ although phenotypically asexual. To this class can be 
assigned at present wuh certainty only two s^pecies o! Sphin-ocarpos: 
S. DonnMi, discussed m the present paper, and S. iexanus, in 
which Miss Scbacke (1919) has recently found a condition a$ to 
chromosomes similar to that in S. Donn^tlii It may be hazarded^ 
however, that here belong also the dioecious mosses upon which the 
epoch-making studies of the Marchals (19071 1909P 1911) were 
made; the heterozygous sporophyles of these mosses were induced 
to give rise by regeneration to diploid and hermaphroditic game- 
tophytes. 

The differences in the apparent relations of the chromosomes in 
question in the organisms representing these Ehree classes are 
brought out strikingly by the facts that in class a two X-clcments 
are necessary to the appearance of femaleness, but only one X-ele- 
ment (with or vvithoul a Y-element) to that of maicness; that in 
class two X-elements are requisite to the appearance of maleness, 
and only one X-ekment (w^ith or w ithout a Y-elemeni:) to that of 
femaleness: whereas in class c the presence of one X-elemeut means 
femaleness, that of one Y^-demeiit maleness, and the presence of 
both, under ordinary conditions, is correlated with non-sexuality. 

Another difference, at least as between the plants of class c on 
the one hand and the animals of class a on the other, lies in the 
apparent lack of function in heredity of the Y-chronriosonic or 
-element in animals^ as shown by its utter absence in many forms 
and by the genetic evidence of its failure when present to influence 
the transmission of sex-iinked characters; although Bridges" (1916) 
evidence in this connection should be cited, namely, that the absence 
of the Y-chromosome in Drosophila^ while not affecting the appar* 
ently normal development of the male artimah docs result in steril¬ 
ity. In SphiiTOrarpos^ however* there is no reason at present for 
Considering the Y-chromosome to be in any sense a functionless 
body. Its presence seems, as will be indicated more fully in a later 
paragraph, to be related to the appearance of definite characEcrs in 
just as positive a way as is the presence of the X-chromosome. 
And in the normally dioeefous mosses studied by the Marchals, 
heterozygosis In the diploid gamelophyte manifested itself by the 
appearance of both male and female characters. 
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The visible differences between male and female plants of Sph^- 
r&carpos fall naturally into two categories: 

(u) Differences in rate of growth and in the size at maturity of 
homologous parts (compare, for examplOp Figs, i and a, or 3 and 
4), andp probably Jnlimalely conneclc^ with these, a difference in 
power of resistance to unfavorable conditions; in each of these re¬ 
spects the advantage is with the female. 

{b) Differences in form and structure of the se:^ organs (an¬ 
ther idia and archegonia)p and of course of the gametes themselves, 
as well as in the form and structure of the involucres surrounding 
the sex organs. These differences in stritcturc are associated with 
size differences^—‘for exaniplCp the archegonial involucre is much 
larger than the antheridial involiicrep as w'ell as different in form—^ 
but it docs not follow' that characters of size and those of form, 
though constantly associated and even causally related, have been 
brought to expression by the same chain of causative factors. 

Of none of these distinctive characters, it may be noted^ is there 
any apparent reason for suspecting that it has anything in common 
with the '^secondar)' sexual characters^' of the higher animals. 

That the possession by each sex of its ow n complex of distinctive 
characters—hereinafter referred to for the sake o! brevity as "sex 
characters”^—constituting a constant phenotypic difference betw^een 
the sexes, is the expression of a genotypic difference, can hardly^ 1 
thinkp be doubted; for all the available evidence indicates that 
Spharocarpos is strictly and under alt circumstances dicccious, and 
that an individual gametophyte possesses one and only one set of 
potentiahties so far as sex characters are concerned. This being 
the assumption upon which discussion must for the present rest it 
follows that the respective groups of sex characters for iheir phys¬ 
ical bases) arc separately inherited by the sexual from the asexual 
generation through the spores, which latter are the only possible 
vehicle of transmission from sporophyte to gametophyte. Since 
two spores of each tetrad develop into plants of either sex, the con¬ 
clusion already drawn by previous writers seems inevitable, namely, 
that the physical bases for the sex potentialities were united in the 
sporophyte down to the time of the formation of the spore mother 
cells, and that the separation of these physical bases occurred in the 
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course of the divisions which formed the spores. Tlie invariable 
conncetion of the X-chromosome wdth femaleness and of the 
Y-chromosonie with maleness seems to prove a causal relation of 
some sort beiweeo the presence of either chromosome and the ap¬ 
pearance of the characters of the corresponding sex. The further 
logical step seems likewise inevitable* although admittedly it raises 
questions of considerable difficulty—the conclusion, namely, that it 
is the presence of an X- or of a Y-chromosome in the cells of a 
particular plant which determines the appearance in that plant of 
the characters of the corresponding se.x. This essentially corre¬ 
sponds with the hypothesis which the students of the sex chromo¬ 
somes of animals seem in general to have adopted-^although natu¬ 
rally the form of the statement, as of the precise fact, is different 
for an organism w'hose sexual generation is diploid rather than 
haploid. 

'JTie facts in the life of SphsTocarpos that seem to force this con¬ 
clusion upon us are, first, that* as already noted, the physical bases 
for the SEX characters must have been separated tti the course of 
the divisions in the spore mother cell and distributed among the 
four resultant spores; and second, that the only structures that are 
shown to have been so separated and distributed are the X- and 
Y-chromosomes —the four spores being to all appearances alike in all 
other points of structurCj form* and sixe. The difficulty of imagin¬ 
ing hoiv, the sex chromosomes can function in impressing sex char¬ 
acters upon the plant—a difficulty wffiich, however, is but of the 
same order as that which confronts the very widely accepted theory^ 
of the function of the chromosomes in inheritance in general—will 
continue to breed a healthy skepticism and will stimulate the attempt 
to find another basis for sex inheruance; but at present this hypothe¬ 
sis of the significance of the sex chromosomes seems the only intel¬ 
ligible one and the one therefore upon w^hich furrher investigations 
must rest- 

Tlie question then anses as to how the sex chromosomes of 
Sphfrro^arpos can be conceived as exercising their controlling influ¬ 
ence. Apparently this question may be answered in different ways 
as regards the two categories of sex characters already menttoned. 

The notion suggests itself at once that the differences in size and 
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in rate of growth of the respective ganietophytes may well result 
from the difference in bulk of chromosome substance present In the 
cells of female and nvale respectively. The siee of the X-chromo- 
some is such that the chromosome group of the female exceeds in 
bulk that of the male, at a rough estimate, by perhaps fifty per cent. 
In view of this difference, and of the differences in cell size which 
in many cases have been shown to result from differences in chro¬ 
mosome number—as, for example, between haploid and diploid 
moss gametophytes (6. and £. Xlarcbal, 1909), between haploid 



Fin 2^ A typical fully developed lateral lobe of a female Kaii,etopli>le. 
20 . A sitiular lobe of a male gamctopliyte. drawn to the same scale. 
Both from greenhouse cultures of Donufllit. x ^ 


and dtploid Spirogyra cells (Gerassimow, 1901), and between the 
ordiiiaii' and jigas fqrms qf tomato and nightshade (Winkler, 
1916), « would not have been surprising to find a marked difference 
m cell size between homologous members of the male and female 
gametophytes of Howeser, some measurements 

made to test this possibility showed that in corresponding parts, 
such as the lateral lobes, the range of cell sizes is substantially the 
same m the two sexes. This fact appears clearly in the camera 
lucida drawings of typical mature lobes from a female and a male 
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plant respectively (Figs. 25, 26)^ and of mature archegonial and 
anthcridial involucres (Figs. 2^, 28). These figures, while not 
negativing the possibility of a small difference between the sexes in 
average cell size—a possibility to be tested only by a great number 
of measurements^—demonstrate that such differences, if they exist, 
are negligible as compared with the difference either in total chro¬ 
mosome I'olume or in the total surface area of the chromosomes; 
and, what is more significant froni the present point of view, that 



Fig. a typical fully developed arche^nial involxicre. Fig. iS. A 
typical fully developed antherldial involucre, drawn to the s&me scale. Botli 
from greenhouse oiltures of DottnetUL 


such possible differences in cell size play no important part in bring¬ 
ing aboxtt the marked differences in size of homologous organs. On 
the other hand, as the figures referred to demonstrate, the charac¬ 
teristic differences in size between male and female plants result 
from the presence of a much greater number of cells in correspond¬ 
ing parts of the female. Since these size differences appear be¬ 
tween plants of the same age, it follows that cell growth and divi¬ 
sion go on more rapidly in the female than in the male. If, there¬ 
fore, the size and related differences between plants of opposite sex 
are determined by the difference in chromosome bulk, this quanti¬ 
tative difference produces its ultimate visible effects by means of its 


312 ALLEX—SEX INHERITANCE IN S^H.CROCARPOS. 


influence on tho ratt of ctll growth and of cell cIivi$ion. That this 
is the case seems conceivable and indeed probable, because the over¬ 
whelming evidence of an influence of the chromosomes on inheri¬ 
tance points to the exertion of this influence largely, at least, through 
a determination of the rate and nature of constructive metabolism; 
and one effect of a modification of the rate of metabolism would of 
course be an increase or decrease in the rate of cell growth and thus 
also in the rate of division. 

But if such a simple quantitative explanation can be adduced to 
account for the influence of the sex chromosomes on the one class 
of sex characters, it cannot with equal ease be made to account for 
the characters of the second category'—^those which concern the 
form and structare of gametes, of sex organs, and of involucres. 

It is true that. In connection with the observed facts in animals, 
several writers have suggested the possibility of a “quantitative 
theory" of sex dcterniination. which would iitake all primarj' sex 
characters the expression of the amount or degree of activity of the 
chromosome material present. Without entering into the discus¬ 
sion of the validity of stich a theory in the case of the metazoa, it 
seem.s quite impossible of application to the class of characters tinder 
consideration in Sf’herocari’os^ For one thing, it is to be remem¬ 
bered that in this plant, dififerently from the condition so common 
in the higher animals as well as in the dioecious seed plants, there 
are not two sets of reproductive structures, one functional, the other 
rudimentary but conceivably capable (certainly capable in many 
seed plants) of a normal development under particular conditions. 
In such a case the stimulus leading to the functional development 
of one set of structures or the other might conceivably result from 
the presence of a greater or less quantity of particular nuclear sub¬ 
stances. On the contrary, the male plant of Sph(erffcarpo^ shows 
no trace of archegonia or of archegonial involucres; the female plant 
shows no trace of antheridla or of anthcridial involucres. Nor can 
the differences between male and female structures be explained by 
modifications of cell siac operating differently in different cell axes. 
Factors of some sort must be supposed to be at work which deter¬ 
mine, very differently in the two sexes, the planes of successive cell 
divisions; which modify, also in very different ways, the nucleo- 
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cytoplasmic ratio; and which determine in the one case the consid- 
erabLe but relatively slightly specialized development of the egg, and 
in the other the remarkable metamorphosis of the androcyte into the 
antherozoid. This is but a partial analysis of the nature of the 
processes whose causes are to be explained, but it is sufficient to 
illustrate the nature and complexity of the problem. 

Perhaps it is not safe to say more at present than that the ap¬ 
pearance of the sex characters falling within the form-structure 
category are to be ascribed to factors which in some way are de¬ 
pendent upon^ carried by, or inherent in* the X- and Y-chromosomes 
—the word “ factor " here being used in its ordinary* not in a tech¬ 
nical Mendelian sense* Nothing in our present knowledge of the 
mechanism of inheritance In Sph^acarpQs would justify us in bold¬ 
ing that the factors here in question are of the nature of those which 
are postulated by any particular theory of heredity. The conclu- 
siottp if it can be so called, to which we are for the present led, is 
therefore that one category of sex characters is reasonably explain¬ 
able by the difference in mass between the sex chromosomes; and 
that those of a second category seem to result from some other* but 
unknown* specific peculiarities of the same chromosomes. 

On the analogy^ of the irregiitarities which* it seems well cstab- 
lishcdp occur* though rarely* in the distribution of the sex chromo- 
^me$ during the reduction divisions in certain animals^ it is perhaps 
to be expected that irregtilarities more or less like these will be 
found in Sph^ocarpos. The occurrence of ** non-disjunction/' for 
example* might lead to the formation of a tetrad two of whose 
spores have both an X- and a Y-chromosome each* the other tw^o 
spores possessing neither. It would he idle to speculate as to the 
effect of such a distribution upon the viability of the spores or upon 
the sexuality^ or sterility of the resulting plants; but it is plain that 
the result might well be a disturbance of the normal 2:2 sex ratio- 

Other irregularities than non-disjunction might conceivably like¬ 
wise lead to modifications of this ratio; and so it w^ill not be surpris¬ 
ing should a study of the results of the germination of large numbers 
of spores bring to light occasional exceptions to the general rule of 
the distribution of sex characters. It is possible that some of the 
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apparent exceptions found by Douin were the result of an aberrant 
behavior of the sex chromosomes j but reasons have already been 
given for doubting whether these exceptions were other than appar* 
ent. In the examination of spore tetrads I ha%'e come across a few 
instances of spores joined in twos rather than in fours; and other 
instances in which a group consisted of two spores of normal site 
and one or two very small. Such conditions may result from an 
irregular distribution of the chromosomes; but they may equally 
well or perhaps better be explainable by the death or accidental 
injury or destruction of one or two spores after the completion of 
the division of the mother cell. 

The existence of definite sex chromosomes having been estab¬ 
lished for two species of Sfth^ocarpof, it is to be expected that 
simitar bodies will be found in other plants. ITie most promising 
organisms for such investigations are probably the other dioecious 
bryophytes, especially those with a marked sexual dimorphism. 
Next would come perhaps some of the dioecious algK. That pre¬ 
vious searches for sex chromosomes in plants have been fruitless 
has been largely because they dealt chiefly with dioecious seed plants. 
Enough of these have now been examined to make it quite plain 
that no visible chromosome difference is to be expected as between 
the sLaminate and the pistillate individuals of any species. This 
negative result is quite in harmony with what we now know regard¬ 
ing Sphccrtfcffrpos. because the distinction between staminate and 
pistillate sporophytes is of a quite different sort from that between 
male and female gainetophytcs; and if anywhere m the seed plants 
a chromosome difference is to be looked for exactly comparable 
with that described in the present paper, it must be between the 
micro- and the macrogametophytes. Evidence as to the possible 
existence of such a difference is still meager; but such evidence as 
does exist is, it must be admitted, of a negative character. 

In a previous paper (.Allen, igija) I have referred to Hirase's 
(1S98) description of a cytological difference between the two an- 
therozoids produced by the same microgametophyte of Ginkgo, 
which might be imbued to be the basis of the dicccism of the sporo¬ 
phytes of this species. This difference consists in the presence of a 
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cofispicuous cytoplasmic body in one antheTozoid and its absence in 
the other. The difference is brought about^ not during chromosome 
reductionp but in the final division in the microgametophyte, and 
has no apparent paratteb so far as I know* in tbe cytolog>^ any 
other ditEcious seed plantL However^ Uttle or nothing is known 
regarding the corresponding division in other dicecious plants. 

Correns" (1907) well-known experimental studies of sex inheri¬ 
tance in BrvffinVi seemed to show the existence in diotco^ of male 
gametes of two kinds with reference to sex potentialities. Correns^ 
as well as most of those who have attempted an explanation of his 
results^ has assumed that this involves the existence of two kinds of 
pollen grainSi so strong has seemed the probability that the segrega¬ 
tion of any particular hereditary factors is brought about by the 
reduction divisions. It is, however, quite possible to assume that, 
so far as sex polentialities are concerned, the pollen grains of 
Bryonia are alike^ and that the segregaEton of sex potenlialities 
occurs in the division of the gicnerative cell within the pollen grain 
or pollen tube. This suggestion, though based only upon tbe ob¬ 
scure phenomenon recorded for Ginkgo, is perhaps worth testing:^ 
in victv of the failure of all attempts to find other visible bases for 
the separate inheritance of staminate and pistillate characters. 
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THE APPLICATION OF SANITARY SCIENCE TO THE 
GREAT WAR IN THE ZONE OF THE ARMY.^ 

Bv BAtLEY K. ASHFOKP. 

{Rtad Aprii ^4, Jpjp.) 

It may be somewhat of a disappointment that I should present 
so little that is new to tins Society* but war has requisitioned of 
science its application and not its theories and each man has been 
called upon to produce a result. The interest in this subject lies in 
seeing how far sanitar)' science could be applied on the battlefield 
and wliat part it took in winning this war. Let us answer the last 
question first: 

In the Civil \^^ar there were 6 $ deaths from disease annually per 
i,oOO of strength; in the Spanish-American War there were 30; m 
the Greatest of Wars just concluded there were 14.8 and of these 
about 12 were due to epidemic pneumonia. That is to say, the med¬ 
ical sciences have kept ioO ,000 Amerii^n men in fighting trim who 
would have in iS6l died of disease^ and America needed those men. 
There ivas no time to get trained men from home, nor vessels in 
w^hich to send them j the expense per mau^ the least consideration, 
was enormous^ and, above all* if the liberty of the world was 10 be 
Avoo at all it had to be done by the braw^n of these vet)' men and like 
men of our Allies. It had to be done f/ieiu The hour had struck- 
All the treasure and patriotic devotion of our country was helpless 
to do more in this crisis. Wlien one reflects that never have armies 
been forced to live under more menacing conditions to health than 
those under which our soldiers lived and fought—at times, for mili¬ 
tary' reasons, with reduced rations and much of the time under¬ 
ground, one cannot but w'onder how' it is that our generous people 
do not yeld more than a passing thought to the scientist and to the 
science that made his invisible weapons. And the prevention of dis- 

* Authority to publish has been granted by the Bosird of Publication 1, 
Office of the Surgeon GcncraL 
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ease was only one of the activities gt our medical sciences against 
the German, The part played by surgery, by medicine itself and by 
the skilful evacuation of wounded has yet to be written. We are 
apt to confuse our priestly mission of ministering to the suffering 
of friend and foe alike, ts'ith that militant one of applying our mind 
and body, our art and science, to win the war. A man who carries 
arms is not less a soldier for observing the laws of humanity in his 
treatment of a fallen enemy. A doctor who keeps healthy men at 
the front and salvages the sick and w'ounded to fight again is no 
less a soldier because he carries no rifle. 

We went into this w'ar with one officer per 2/,oqo men, one man 
in the division, chai^d fxclusivdy with the responsibilities of the 
sanitation of our great fighting unit. He was only an advisory officer 
by law. He was a high ranking officer because rank is the current 
coin in the .^rmy, and rank has its privileges. But he had strong 
support because he represented a reasonable and powerful science. 
Most commanders, jealous of the health of their troops, gave him 
ever)' possible chance to work out his salvation. Some even gave 
him authority to command in their name. But the weak point lay 
in his lack of a force of trained men of his own to carry out his owm 
suggestions. It was too much to require of fighting troops that they 
should lay aside their arms, often after e.'chaustive physical strain 
in the line, to build privies, debusers, etc. It was their duty to do 
their part but not alt the creative work. 

Again, this officer was expected to transform a new area into 
which the division would be suddenly thrust, into a sanitarily safe 
living-place for these soldiers and to do it right away. It was only 
when he failed to do it that he reallied the full prominence of his 
position, for he was charged with the responsibility to his military 
chief for failure. This sudden assumption of responsibility for the 
sanitation of an unprepared area, or an area soiled by preceding 
troops, was another weak point. It is true that all medical officers 
of whatever condition are charged by law with sustaining the sani¬ 
tary excellence of the command to which they are assigned, but in 
addition to their other duties," and these other duties become in 
active periods paramount. In practice every one tried to keep things 
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sanitary, but only ond, the division sanitary inspector, had nothing 
else to do and all he could do was request and advise. 

But the Great War promptly thrciv the spotlight on these weak 
points and to its everlasting credit the Army began to evolve a plan 
to remedy them most skilfully, First, labor battalions began to be 
employed to prepare areas for troop cantonment, as well as to clean 
up " after a battle. Two sanitarj’ squads of one officer and 26 men 
were assigned exclusively to certain divisions for sanitary duty. 
These men w'ere plumbers, pipe*fitters, carpenters, masons, tinsmiths 
and artisans of all sorts needed for carrying into effect sanitary 
plans. Engineer troops, quartermaster troops and even, when nec¬ 
essary, soldiers of the line, were to be called upon to help in work 
clearly beyond the scope and endurance of these two squads. But 
of all the promising steps taken in these reforms the plan of provid¬ 
ing a permanent sanitary organiaation for Army areas was the best. 
Instead of a confused and hurried attempt every time a division was 
moved, to sanitate its new area by its own efforts at enormous ex¬ 
pense, such efforts to be repeated more or less by the next division 
when in a week or so the first moved on, the Army, through its chief 
sanitary inspector, was to divide up its area into three sections, each 
of which was to be divided into from S to 12 subsections- These 
sections were plotted out for topographical reasons, and with an eye 
to highways, and bad no reference to the divisions w-hich might oc¬ 
cupy them. The personnel was permanent and did not leave when 
divisions occupying their section left. They were Army units, under 
the military zone commander. They prepared the sanitary appli¬ 
ances for the incoming troops and helped keep them in repair as 
well as keeping a watchful eye over them. They exercised no au¬ 
thority over the troops using them,—they were there to help the 
troops keep decent and comfortable, as well as to prevent disease. 
The reason why they were Army units is that an Army is the least 
mobile unit in regarff to its area. Tlie divisions and corps were con¬ 
stantly changing. Each section had its chief In a town svhere he w as 
to run a small school of sanitation and was to have a sanitary- squad 
to build sanitary appliances for demonstration as wdl as to aid m 
repairing them in the sections which were being actually used. The 
sanitary squad at Langres was early stationed at the dump and from 
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its culli recovered enough lumber, metal, etc,, to build loi flyproof 
latrines, 67 urinals, 23 grease traps and 16 incinerators in a month. 
This was due to their commanding offtcer. Captain Starr A, Moul¬ 
ton, and shows how 1 officer and 24 men can provide a whole area 
occupied by the equivalent of a division with sanitary appliances and 
sanitate an area out of nothing, remaining on good terms with every¬ 
body. 

The sanitary section of an Army area should be traversible in 
all directions by automobile and is thus constantly under the eye of 
the young sanitary officer. 

The subsection is manned by a non-commissioned officer and 
two or three men, responsible to the section chief. They are his 
eyes^they give no orders, but are distinguished by an armlet and 
know everything Chat goes on in every nook and cranny of their ter¬ 
ritory, traversible on foot or horseback. They make themselves 
popular with shifting battalions who are only too glad of a helping 
hand and they keep the sanitary section chief thoroughly in touch 
with his problems. 

The man who will make area sanitation a success must be a man 
who lives permanently in that area and who has this and nothing 
else to think of; who has planned and built its appliances; who will 
fight for them; who will enthuse the men personally in their proper 
use; stimulate competition; prevent waste; prevent heady unit com¬ 
manders from blocking proper sanitary functions in his section; who 
will make himself a helpful and not a carping critic; who has a 
remedy and can do things as well as talk; who is not unreasonable 
but just a normal, sane, well-bred, well-educated gentleman with a 
keen sense of humor and an indomitable will; with his mental proc¬ 
esses backed by scientific facts, his actions by common sense. In 
short, a man with enough of the prose of material results and the 
poet^ t3f an invincible spirit to make a plan succeed, even if that 
plan is not a perfect one. 

That is the sort of a man we want. 

This leaves the division sanitary inspector with his two squads 
free to run the machine and not to make and run it at one and the 
same time. He administers the area and if he is at the front he has 
some time to devote to his legitimate duty, that of providing trench 
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sanitation, or the sanitation of an optn battlefield^ as the case might 
be. He has a divisional water-supply officer on his staff^ He keeps 
a dose watch on diseases w^hich might become epidemic in his com¬ 
mand and in epidemics works in cooperation wdth the chief sanitary 
officer of the Army. He is in dose touch with Army laboratories 
and calls on them for special work. 

Epidemiology. 

The dassification of communicable diseases and the administra¬ 
tion of the epidemiologic service is based on an exposition of this 
subject made before ilie Army Sanitary School in Langres by 
Colonel Hans Zinnser, chief sanitary officer of the Second Army. 
This officer was working out these plans when the war came to a 
close and to him we are indebted for a prominent part in a great 
reform. 

The Army chief sanitary officer should be an epidemiologist and 
laboratory' man* as well as an admintstrator^ He should keep spot 
maps showing the prevalence and source of infectious disease. In 
this he is largely dependent upon his section chiefs and divisional 
sanitary officers. He should have a stationary laboratory capable 
of becoming mobile at headquarters of the field Army, with two 
traveling motoriied laboratories to dispatch to special wmrk. 1 am 
not in accord with Colonel Zinnser in depriving a division of its 
mobile laboratory, but these two motor laboratories can be kept busy 
reinforcing division laboratories and checking their work. In¬ 
fectious diseases are roughly divided into» (i} those disseminated 
by the respiratory' tracts Fneumouia, influenza, measles^ scarlet 
fever, meningitis, mumps, smallpox and chickenpox.. (2) Those dis-^ 
seminated by the intestinal tract: Typhoid and its congeners, the 
dysenterieSi simple diarrhea, etc* {3) Insect-borne diseases: trench 
fever, typhus^ malaria, scabies, etc. 

Cornmunicable diseases depend for their extension either on the 
susceptibility of the individual or upon means and methods of trans¬ 
mission. For the first, such as meningitis and pneumonia, general 
hygienic measures w'ere enforced with a degree of instslence and 
elaborateness of detail dependent upon the circumstances and serious- 
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ness of the local problem. The general measures employed to limit 
the spread of diseases disseminated by the respiratory system are : 

1. Hygiene Lhing Quarters: (a) A minimum ol 40 square 
feet per man. If less, the suspension of shelter halves b^ween 
bunks, (b) Head and foot sleeping in bunks side by $idc. (r) 
The spread of a command in tents in warm weather, {d) Ventila¬ 
tion by perflation once a day and once at night between taps and 
reveille, {e) Airing of blankets and bedding several hours on pro- 
pit ious days, (f) The invariable punishment of promiscuous spit¬ 
ting, (g) The sweeping of floors once a day after sprinkling. 

2. Hygiene of Mess KUs: (a) Immersion after use in boiling 
water. Men were lined up after meals and made to dip their eating 
utensils in a ten-gallon, or larger, container of boiling soapsuds kept 
at ebullition by a hot fire, {b) Rinsing of same in flowing vvater. 
(f) Air-drying of same. No common towels permitted, 

3. ItLspee^hns of Command: (a) ^len lined up and inspected 
twice a day for head colds, cough and inflamed eyes. (fr) Tempera- 
ture taking of men not feeling well, (c) Segregations of all coughs, 
colds and red eyes in a separate barracks or curtained-off portion of 
a common barrack, (d) Evacuation of all with fever to a hospital. 

4. Inspeciion of Men's Personal Equipment: The verification of 
possession by each man of a raincoat, an overcoat, two pairs of 
shoes, three blankets and three pairs of socks. 

5. Prozdsion for n Drying Room for Chihtng^ vital necessity 
in France. 

6. Avoidance of Excessive Labor, Drills and fatigue duty should 
be cut to a minimum to avoid ejchauslion. fatigue being a well-known 
condition of inviting infection by lowering individual resistance. 

The majority of these measures could only be enforced in rest 
areas. In combat, naturally, no sensible man could consider the em¬ 
ployment of more than a tithe of these protective measures. 

The general measures employed to prevent dissemination of dis¬ 
eases by the intestinal tract are: 

I* Care of Lairhes: 

(ft) Fly-proofing (area sanitation), 

{b) Disinfection of interior of receptacles and latrine scats 
during an epidemic (divisional sanitary' squads). 
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{c} Ablution benches or other provision for handwashing after 
use of latrines (area sanitation). 

(rf) Prohibition of towels. 

2 . SanUitiion of Kitchetis: 

(ff) Neatness and cleanliness of kitchen itself and utensils. 

(b) Prohibition against use of uncooked fcNod. 

(^) Enforced hand deanliiiess of kitchen crew. 

(d) Medical inspection of kitchen personnel and all handlers 
of food and removal of all sick or sickening, as well as 
carriers. 

3. SurvciUance of Drinjihig Waier: 

(a) Proper chlorinication of water and a bacteriological cx^ 
aminatton of disinfected water from time to time as a 
check thereon. (Division sanitary' squads and Army 
mobile laboratory.) 

(i) Careful supervision of water sources and guard therefor 
{unit commander^ division sanitary inspector^ sanitary 
section chief, engineer water supply details. Army mobile 
laboratory), 

(c) Supervision over water carts (divis-Lon sanitary personnel). 

4, Disposal of Carhage and Offal: 

(3) Soakage pits for liquid waste. 

{b} Incineralion, or sale, or other, disposal to civilians of solid 
garbage, 

(c) Prompt burial of carcasses, 

(rf) Removal and proper disposition of manure (burning was 
impossible). 

5, Prompt NotiJicattoK of MHilary Chief when 111 the Presence of 

Epidemic Conditions, 

It will not be amiss to consider briefly the Special Procedtires for 
Special Diseases, 

Typhus and trench fever require careful destruction of lice, the 
carriers of these diseases. 

Typhoid and eottffeners were practically eliminated from all 
Armies by vaccination. The few' persons who acquired typhoid 
fever were especially susceptible and did not receive a large enough 
preventive dose of the vaccine; were recipients of an overwhelming 
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dose of viruJent orgairisins, or, through cardcsiatiess^ were not 
properly inoculated. 

Injinnisa demanded prompt evacuation in separate ambulances, 
segregationp and masking. 

Smattpax called for strict ejuarantine and vaccination. 

Trench foot: Issuance of dry socks at dinnertime, when in the 
HnCp or in very muddy terrain elsewhere j powdering of feet with 
a combination of camphor, salicylic acid and talcum; mutual massage 
of feett after removing shoes, in groups of two W'hen in the line; 
precluding of foot and kg covering w'hich constricts the circubtion; 
dr>dng of shoes at every favorable opportunity. 

Venereoi disease: Propagandap prophylactic stations and sur¬ 
veillance oi civilians. Applicable in cantonments. 

Tetanus: Universal prevention dose of antitoxin in all wounds 
and in trench footn 

Boiis and ether infective infautuiaiions of the deeper takers of 
the skin: Inspection of men at baths for scabies and other sources of 
irritation of the skin, and segregation under treatment. These skin 
affectionsp plus lousiness which often caused trench fever, were 
responsiblCp It is saidp for a full go per cent, of all incapacitation 
from disease in a British Army. 

It is extremely interesting to review the experience of the French 
and British during the long months of war preceding our entrance 
into these scenes, a time when experience^ that bitter teacher, was 
elaborating for us the saving knowledge that Briton and Gaul turned 
over to us for our protection, without a thought inspired by selfish 
pride, or the sti^test attempt to cloak their own shortcomings, that 
by these truths our men should live to fight. 

When the war broke upon Europe, FrancCp vve w^ere toldp had no 
compulsory vaccination against typhoid. The result wa$ that for 
the first SIX months^ due, in part, to a life-and-death struggle in 
which only military resistance could be considered, typhoid ran 
rampant. No one knows how' many cases developed in the French 
Army; one French officer named a figure that is so high as to be 
almost incredible. Compulsoty* vaccination wiped out the disease 
from this Army in the succeeding months. In the British Army 90 
per cent, of her men were Inoculated against this disease with the 
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result that there were only 7.700 cases of a strength of 2 ,ow,o(m. 
throughout a period of 40 months of campaigns. Compare this with 
their record in the South African War when, of a force of too,000 
men, and very few vaccinations, there were S^.ooO cases and 8,oCO 
deaths, and with the record of the first American Army of one mil¬ 
lion men, which according to its Chief Surgeon, Colonel Aleic. 
Stark, had only 17 fPjeJ of typhoid anA 10 of para-typhoid to Janu¬ 
ary I, 1919'. With tetanus in 19^4 there were 3 - ^^ses per i,oOO 
wounded; in 1917, a small fraction of I per cent,, the favorable 
change being due to strict orders that all wounded should be given a 

preventive dose of the antitoxin. 

In the first British Army in igiS-ifi- 3 - 3 '! of trench foot 
were evacuated; in 1916-17, only 395 - fourth French Army 

in 1916-17, 2,861 were treated for trench foot. As a result of the 
clear enunciation, in time, of the preventive measures to be taken, 
practically no cases dev'eloped in the .American Army. 

Availing ourselves of their knowledge, plus the proof by Strong, 
of our Army, on suggestive evidercc presented by the British that 
trench fever was carried by lice, plus the experience of both French 
and British that the destruction of insect life in clothing would 
enormously reduce morbidity, the American Army, with its own 
enlightened medical corps, reinforced by the frank testimony of the 
Allied troops, was able to produce a record for preventive medicine 
in war the like of which the world has never before seen. 

All of these precautions above noted being in force and all of the 
special sanitary' appliances for this war in function, there remains a 
general statement to be made; The chief cause of sick wastage, 
when sanitary science has already yielded its utmost, is reduced 
vitality from overwork, little sleep, poor food and constant cold. 
Many of these undesirable conditions are inseparable from certain 
military necessities, but it is an ill-conceived idea of a commanding 
(rfficer that troops to be efficient should do arduous service and at the 
same time be deprived of possible comforts and prime necessities 
"in order to harden them," such as sleep. In such a war as the one 
through which we have just passed, this is not the time nor the 
place to weed out the men with slight imperfections capable of 
gradual remedy. The wise commanding officer will endeavor, w here 
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the whole nialc fig:htiiig population of hJs nation is requisitioned for 
war, to keep all of his men and not only those who can rise above 
his own peculiar selective processes. It is vicious to get men up 
before sunrise, give them their breakfast in the dark and start them 
out in the cold morning mist, chilled, unf«l and with clothing still 
damp from the rain of the day before to do a hard day's work, 
again terminating In wet anti cold. It is still worse to gather such 
men after sup^r with clothes still wet for lectures running far into 
the night, ITits “ intensive training " may break down a man before 
he has the opportunity to deli ver a blow , not only the palpably weak, 
but, to our surprise, the apparently strong. Our Field Regulations 
preach against this, our best officers of the old Army condemn it, 
and it is only mentioned to deter a well-meaning but inexperienced 
newcomer from a dangerous point of view. The best officer kttows 
how to care for and feed his men and the best troops are faithful 
witnesses of the effect of the care bestowed upon them. 
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/ji the Trench^^^ 

Sanitation is reduced to its simplest terms in the trenches It 
has to be. ifen are there to fight. In the brief week or ten davs 
they are there before their relief, lights, smoke, ei.-acuation building 
are taboo. Moreover every nerve is taut to get the best of the enemy 
and there is little time for things of immeasurably less inmortance 
however simple and enticing the procedure mav seem. Sanitan^ 
science is reduced to its barest necessities and then greatly reduced 
from that point. 

LalnVi; These are either bucket, under a flvproof seat or By- 
proot h„„. „v^ a pi, in a bliud offBtoa, trout a coa,™™i„«4 
treach. There ts a caatooflaeed lead cor-er and there should be a 
™ ar trorsh Icadtns a saabtse pi, aria., R, 
be deep and bttchets empltod in adjaeeat .heP holes at rueh, to. i. 
garbage from food brought up to the men. 

H'o/ty; This, in ..ell coostdidalcd positions, is paatped from a 
cblon^ttaB sotmee. I, may b. «onal ia „„.ea, .eater rants or 
earned up from eater cart, the rear. A trick of one soldier, was 
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to fill a large number of canteens in the rear, strirg them on a pole 
and thus carry them up. Water may be obtained from wells in dug* 
outs andj after filling the 40 gallon canvas Lyster bag, and disin¬ 
fecting with liypochlorite powder, be doled out to the men. Best of 
all it may be piped up, but this could only be depended upon in very 
quiet sectors, as bombardment quickly broke down such a system. 

Food: This is usually sent up once a day from kitchens in a com¬ 
municating trench somewhere in the rear and is kept hot by storing 
food for 16 men in a mannite, or thermos can. There is a special 
danger in these cans, when the lid is left off until the temperature 
falls to blood heat and the lid then replaced, from fermentation, 
which may cause serious food poisoning. 

Clothing: Dry socks should be supplied with the evening ration 
when men are standing in tvet trenches. The necessity of standing 
in muddy water is the only excuse for the rubber boot, otherwise 
an abomination. 

Drolnoge of Well-constructed trenches are floored with 

a duckboard path and under-drained by a gutter willi occasional 
sumpholes which are emptied by suction pumps in favored positions. 

Drying rooms: Eveiy' trench position of any permanence should 
provide these rooms, necessarily in a dug-out, and a brazier coke 
stove or two will be sulHcent to accomplish satisfactorj' results. 

Hoaiing of dug-outs is by braziers. Veiitilation by stove pipes 
with closing apparatus in case of a gas attack. Light by candles, 
kerosene lamps, acetylene or electricity, but oil lamps require oil to 
be brot^bt up, a thing possible only in times of inactivity, acetylene 
is practically confined to medical dug-outs and electricity is only 
available in ivell-consolidated positions, long occupied. 

The Sanitary Duties of the Battalion iledicai Officer: The sacred 
relations established between this lone representative of our great 
profession and the soldier in bis hour of trial is readily seen in the 
influence this officer wields for the prevention of disease. It is a 
personal relation. He talks to no audience and he indulges in no 
flights of fancy, A good battalion surgeon k now's all the men; he is 
over in the trenches; he knows when the breaking strain has been 
reached In Jones and be laughs Smith out of his “shell-shock." 
He invents a thousand ways to make the men more comfortable. 
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supervises the simple sanitarj- arrangements of his sector and catches 
the first signs of a communicable disease in his command. The 
trench is no place to keep a sick man. bm it takes a real doctor to 
determine whether he is sick, worn out or ailing. All communicable 
diseases are immediately evacuated if possible, but many an incipient 
“ shell shock ” or case of homesickness has been exorcised by a keen 
young medical officer in the trenches. One of his great duties is to 
“keep men on the line” and the man who aids'iti doing this has a 
friend in the battalion commander. There is no one for whom the 
men have greater respect, in whom they have greater faith, for 
whom they entertain a more loyal affection than “their doctor” 
unless it be their own personal commander, and this is as it should 
be. This picture has been attempted to show how strong a represen¬ 
tation sanitary science has at the elbow of the fighting men and that 
it is this human touch, humanely administered, that makes the 
practice of hygiene possible among our troops. The most that we 
ask, that we rec^uire, of our men under fire is to be as clean as pos- 
stblc and decent always. 


The SANiTATffljj OF Open Warf.\re. 

Here sanitation is reduced to a mere shred, but the little that can 
be done often makes the difference behveen ultimate victory or 
defeat ^ 

The essentials are: 

1. Hot food, 

2. Djsposal of fecc^ and urineg 

3 . Safe water, 

4 r Burial of bodies and carcasses, 

S’ A reasonable amount of rest 

i, s»ppl«d by „h,el,d ktahms, , preat !»□„ „ spldi,„ 
Hot hqniJs are 0 tremendous stimulos to ekhaosled soldiers and the 
measor. of go^ done by our Red Cross, Saleatten Army, Knights 
of Colombos, Y M. C, A. and other patriotie sodeties lo soldiers 

going up 10 and retnnting from the battlefield has left a grateful 

memor}^ in the soldier. “ 

Ti, absolutely necessary in these modem wars 

They should follow the troops, burj- ammals, bodies, etc., hum refuse 
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or bury it, dig latrines and are at times indispensable in many ways. 
Unburied bodies and carcasses rapidly ‘ breed myriads of flies, 
streams polluted by dead are contaminated witb their intestinal bac” 
teria, the thirsty and tired men drink the water on the line, sicken 
and their germs of disease raised by passage to high virulence, and 
teeming in uncovered feces, are carried back by these flies to spread 
like a wave of cloud gas over the food of advancing reinforcements. 
Latrines are mere straddle trenches a foot wide and a foot deep. 
They must be scrupulously covered by some one. 

The question of safe water is settled by chlorinization. If the 
Lyster bag cannot be used, an ingenious American device is the 
dosing of the contents of some sergeant's canteen with a full tube 
of the powder, a plan suggested by Zinriser. The men can be ad¬ 
vised that all they have to do to get safe water from the battlefield is 
to fill their canteens from any possible, unpoisoned source and put 
“a little." about a teaspoouful, from the sergeant’s canteen into 
their own. In about 30 minutes they can drink reasonably safe 
water. No one will ever know the thousands of American lives 
saved by the bag devised by Colonel Lyster, of our medical corps, 
in the Great War. Vaccination against tj-phoid is not eserything. 


The Back .Area in Trench Warfare (Position Warfare). 

This is itself a subject for another paper. Only essential sani¬ 
tary arrangements necessary to complement trench life will be men- 
tioned. 

Bathing and Deiou-sing. 

This should be at least under the supervision of the medical de¬ 
partment for it is a powerful weapon against disease, as has been 

.All men returning from a tour of duty in the trenches are put 
through the bath and deiouser. The underlying principle of im¬ 
portance is net the bath; it is the killing of vermin and itch mites on 
dothing by heat. There should be two per division with an output 
of one thousand a day. There should be a medical department floor¬ 
walker to detect all skin diseases. 
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Types of Ddousers. 

The Foddcn-Thresh single-cylinder and double-cylinder steam 
sterilizer for disinfection under pressure. 

The French Autoclave of like type. 

The Jacobs hot-atr chamber and Orr Canadian liot-air chamber. 

Types of Bathing oiid DehitsUig EsiobUshments. French .finny. 

This is known as the personal hypene section and it is run by the 
French medical department. Upon its general principles our .Amer¬ 
ican baths were run, 

Personnel; One non-commissioned officer, a sergeant, two cor¬ 
porals, three mechanics, one barber and lo men. 

Bathers were admitted in groups of 4a It is a test unit. It con¬ 
sists of one store tent, Bessonnneau, for clean clothing, one tortoise 
tent for Storing soiled clothing, one tortoise tent for barber and 
chiropodist, one tortoise tent for valuables, and the bathhouse. The 
men on first entering the bath place their valuable in an individual 
bag bearing their bathing number. This bag goes into a basket 
which is locked and placed in the tortoise tent until they return 
from the bath. They now receive their bath number on a wooden 
tag, go to Room .A of the bath house and look for their bath number 
painted on latticed seats In the center of the room. Here they un¬ 
dress, throw- their underclothes on the floor, and stuff their outer 
clothing and shirt into a mesh bag with a tag bearing their number. 
This goes into the sterilizer. They keep their hats, their gas masks 
and their shoes to carry into the bach room. In the bath room these 
are placed In a cubby hole numbered with their bathing number. 

Upon entering the undressing room, an attendant notes the size 
of the man for replacement of underclothing. There are only three 
sizes; one for short, one for medium and one for tall men. 

•A reserve of Jo,ow suits of clothing is kept in the store tent and 
includes the following: Shirts, drawers, undershirts, stockings, 
towels^ and handkerchiefs. 

Each disinfector holds 40 kits, each composed as follows- 
Breeches, blouse, overcoat and pair puttees. The autoclave is a very 
handsome one and it has a steam ejector for creating a vacuum and 
drying coils for driving off steam after sterilization. 


THE GREAT WAR IN TBE ZONE OF THE ARMY. 331 

There is a hot-water tank on top of the autoclave which feeds 
the showers and gfives a pressure up to one kilo by manometer. 
There are twenty shower heads. Water is heated to 38 C. and 
kept at that temperature by a cold-water mixer, A hell rings when 
45" is reached. 

The autoclave is drawn by two horses and the weight is 2,000 
kilos (4,000 pounds). To set up this portable bather and delouser 
it is necessary to be near a watercourse giving at least one liter per 
second, and to have space up to at least 5,000 square meters. It 
takes two houR to set it up and eight hours to make ready for the 
first bath. 

'ITiese baths require about 12 liters of water per man. lien are 
allowed, normally, ten minutes for actual bathing and it requires a 
minimum of twenty minutes to hand them their deloused outer 
clothing. Soap and towels are furnished by the bathing establish¬ 
ment and the dirty, but deloused, underclothing is stored in a tor¬ 
toise tent to be trucked to the laundry alter bathing hours if distant, 
an equal amount being returned clean from their store in exchange. 

The English variation from this bathing establishment lay, as a 
rule, in the detouser itself. Toward the end of trench warfare dis¬ 
insectization was accomplished by dry hot-air chambers. The most 
elaborate type of these is the Jacobs and the easiest to construct and 
run is the Canadian Orr which will be described. It can be built in 
a few days by four pioneers. It is essentially a hot-air chamber 
with double iron walls and the space between insulated by earth. It 
is heated by under-burning coke braiiers and ventilated by holes into 
which fit wooden plugs, removable, to regulate the temperature. 
The loaded chamber attains 65° C. in ten minutes. 

We were experimenting at Langres on a combination of bathing 
house, incinerator and laundry all in one, when the war came to a 
close. 

forJflt/r Hot-Air Disinfest or 

The Pleasants hot-air disinfestor and portable shower for com¬ 
panies or battalions, lloimted on Army general service wagon: has 
a limited application for service nearer the front. 

The Serbian barret will not be detailed as it is far from satis¬ 
factory and when used is a makeshift. The same principle on 
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wheels, devised by the French with a portable bath was however a 
most ingenious application. 

Men should be bathed at least once e\'ery ten days and deloused 
at least once a month. Hence battalion organizations were each fur¬ 
nished, in our Army^ wdth a Charles Le Blanc heater and S head 
showers, in addition to divisional baths. 

Every rest area sliottld have Its cobbler shops, its tailor shops, 
and its barbers. They are, as are baths and delousers, run by Gass 
B men, generally. Dirty, ragged men lose respect for themselves. 
“ Smartness ” has a determining influence on the soldier ot tfie front. 

Billcii,' 'Xeatness and cleanliness are the keys to their success¬ 
ful employment. Our men did wonders in tidying up stables, barns 
and outhouses in France, bcabtes in a billet rcQuired dcloustng” 
of all blankets and a working quarantine, if feasible, of occupants, 
^he English greatly feared scabies and an English chief surgeon 
insisted that much of it was spread on latrine seats. > 

Kitchens. 

Time does not permit their discussion, which offers much of in¬ 
terest. The main desiderata arc: 

1. Geanliness and simplicity of equipment. A clean kitchen in¬ 
spires a good appetite. Every thing that shows should be immacu¬ 
late and always in its place. Men should be allowed to help then^ 
selves from a common receptacle and be told to never take mom 
than they want, but always come back for more if they were still 
hungry. The English said that they saved lO.ooo pounds in that 
way in a year at one large camp, 

2. AU grease should be salvaged and sullage water deprived of 
Its grease by traps. The water then percolated into the earth with¬ 
out clogging its pores after being led into a filtering cess-pool or 
""soakaifc pit/* 

3. All scraps of food, espeeially bread and meat, were saved and 
made into tasty dishes at subsequent meals. This means not only 
the teaching of cooking to cooks, but of “catering'- to mess ser- 

geants. A full garbage pail became a poor recommendation tr any 
unir in tht A. E, F. / 
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4. A brick or cetiient floor was most desiraWe in a kitchen and 
whitewash and (ar liberally applied at least helped as an appetizer. 

5. Cooks should be compelled to wear white caps and aprons in 
the rest area. Dirty cooks mean dirty food-^nd generally a full 
garbage pail*” 

6. bicnus should be varied and stciivs should not figure on more 
than 3 days in the week. Meat should be stored in meat safes and 
“quarters” should be hung, haunch down, and covered with burlap 


or muslin ba^. 

We labored with the generally acknowledged defect that the 
culinary’ art in the United States had declined. “ Canned stuff ” was 
offered as the solution, but with all its virtues k can never replace 
art. Besides it is at least debatable whether a preponderance of 
canned foods is more desirable than a fair reprcsentalton of the 
dishes “that mother used to turn out.” But the great, the crying, 
sin was the capacity for enormous waste of food material "not 
equalled bv anv countr}- on earth,” an Americanism we earned 
with us to*Europe. Our Army manfully struggled with this gen¬ 
erous failing and certainly improved the situation, but it was only 
by persistence that real saving was accomplished. 


Lairines- 

The ideal latrine for troops under ordinary conditions was the 
deep pit and flj-proof bos seat* Even the English acknowlt^ged 
this, but it should be from 10 to 12 feet deep. The scats should be 
cleaned inside and outside daily and blackening of the pit with lamp 
black and crude oil is desirable. The trouble was we could not get 
crude oil Burning out of pits was also impossible; there was no 
mineral oil "to waste.” Hence the American Army devised their 
own latrine, a cross between the American and a French comm^ity. 
It was simply a deep pit rimmed at the surface by two^by-fours 
with a platform covering it in. Every two boards were nailed down. 
The intermediate one was loose and could be removed by a handle 
or a pole fixed perpendicularly in the center. Thus there was no 
seat, the simple concession of the French to economy. It was fly- 
proof when the loose boards were replaced* The Bnt^h. on he 
other hand, provided what was for most cantonments, m France, the 
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most feasible and certainly the most sanitary arrangement; the 
bucket latrine and incinerator. Pits could not be dug in many places 
ten feet deep without striking water or rock. Besides, the French 
bitterly opposed, and with reason, the digging of pits for feces. The 
incinerators built by the British usually served 800 men and ivere 
models of practical common sense and good sanitation. They usu¬ 
ally presented a hopper leading down onto a hot plate for drying of 
excreta before dumping the contents upon the fire and this served 
for solid garbage as well. Often a few coils of pipe were led around 
the fire box and heated water for an ablution bench nearby. Every¬ 
thing about tbe incinerator could be built with stones, old bricks, a 
little cement, old rails, old bits of iron sheeting, etc., and in an in¬ 
credibly short time. The fuel was ostensibly at the rate of 100 
pounds a day. In reality 3 pounds of coke was used to start the fire 
and the thing was kept at full blast eternally, like the altar fires of 
the Vestal Virgins, by camp trash. This kept the camp dean be¬ 
cause the incinerator was served, as were these altar fires, day and 
night, by a husky soldier looking for a fuel economy record; the 
camp was carefully gleaned daily and gleanings deposited by that 
incinerator. The latrine was nearby, a long shack with usually a 
cement floor, fly proof seats and, under each seat, a bucket. In front 
of the scats was a urinal, a metal water way leading down into a 
soakage pit, ,A little cresol stood in each bucket and before incin¬ 
erating the contents a good 30 per cent, of saw dust was added to 
insure incineration. The buckets were emptied twice a day and 
smeared with crude oil, which they secured in some manner, before 
replacing. I never detected the odor of feces in any British camp I 
visited. Critical eyes may challenge this statement, but no one will 
testify that the bucket latrine was a failure if they saw enough of 
them. The English became so bold that they would place their 
bucket latrines near their kitchens and mess halls. This, with the 
proximity to ablution benches, where hot water was obtainable for 
the morning shave, very much simplified daily routine and stimu¬ 
lated cleanliness and an orderly observation of sanitary principles. 

The answer of the British to an objecting theorist would invari- 
ably be: 
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“ If you have dean latrines and bum your feces you need not 

feat flies.” 

Id concluding this long paper we are couipellird to the reflectioti 
that, after all, the great point is that it was not only mechanical 
sanitary appliances that we were after but the sensitiaing of our 
soldier’s conscience by appealing to his sense of decency. The ini* 
mediate commander of troops must inculcate in his men, m addition 
to a strict regard for military discipline, a decent regard for the 
ornate, and as a result thereof, for the clean and neat. It should 
he deliberately taught men that It is not enough to have merely the 
rough stuff,” the bare necessities; that civilized men are expected 
to improve their natural condition; that they should keep them¬ 
selves and their surroundings clean if they expect to keep well; that 
they should keep their initiative, their ambition, their imagination 
active i that to make their barracks, their reading rooms, thdr camps 
clean and attractive to the ey^ is to preserve those iUusions of life 
which are nccessarv to make men contented and happy- 

Nothing illustrates this spirit better than the following incident: 
When the First Division was in a training area under the tutelage 
of the famous and gallant 47 fh Division of Chasseurs, the disposa 
of manure piles in the center of these tiny hamlets was a sore trial 
to us American officers. The French had some townts for billeting 
and we had others. One day In traveling over the French area with 
Colonel Cultin, their division surgeon, I noticed that none of is 
towns possessed the protruding manure pile beside the neat little 
house in the main street. Ou inquiring how it was that no amoun 
of coaxing or threatening by French civil authorities bad prevented 
thdr reappearance in onr towns, he replied: “We removed the piles 
to the site the ovmer selected himsetf out of town, and planted 
flowers where they used to he—and no g<»d French peasant wi 
smother growing (lowers with manure piles. . ^ , 

Not will an American soldier spit on a dean floor, nor l^fo * 
neat home, which he has been led to beautify by his own efforts- 
It may seem trite to mention that neither laws m a civi com* 
munity nor regtilations in the Army are alone 
one or the other. There is a difference between s^nnng the pre 
cision of a machine in a military organization and considering 
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man dimply as a inachine, Gerniany had the most perfect machine 
in the world and she failed. She persistently bid us to treat our 
men as machines and she herself failed. It is the spirit of a glorious 
France that bespeaks our own American heart and the words are 
from the favorite work of a brave and humane officer, idolised by 
his men, Major General Goubeau, given me personally as his divi¬ 
sion watched the road to Meta: 

" Le soldat n'est point one machine. .Avant d’etre une unite de 
groupe, il est une personne.” 

Suhgedx-General^s OmcE, 

Wai DEPArrsiKKT, WashikctciNp D, C 
April, 1913 . 


STAR CLUSTERS AMD THEIR CONTRIBUTION TO 
KNOWLEDGE OF THE UNiV'ERSE. 

By HARLOW SHAPLEY. 

{Ri^ad jlpri! 1919-) 

Social relattonships among stars are nearly as common as among 
men and the lower animals. Sidereal bodies completely independent 
of all Star societies are difficult of conception? for the heritage of 
early and ancestral associations) as well as the immediate env iron- 
ment, Inflttences the present behavior and the destiny of stars. 
Planetary systems, binaries, groups of three or four nearly equal 
bodies are thought to he very common—almost universal, it may 
be; and the assemblage of stars of all kinds hy the tens, hundreds, 
and thousands into physically organized clusters now appears to be 
a property of fundamental significance in stellar investigations. 

In considering the aspect of clustering among the fixed stars we 
see a gradual progression from the largest and most scattered con¬ 
stellations to such rich and highly concentrated stellar groups as the 
globular clusters. Although the constellations were outlined for 
the most part in prehistoric times and have been usetl in myths and 
astrology persistently and universally throughout thousands of years, 
in general they do not represent definite physical organiaations that 
exclude the stars of neighboring groups; and frequently even the 
legendary relationships of the stars in the niosi anciently known con¬ 
stellations arc traced with difficulty. 

There is. however, among the varied groupings, an easy transi¬ 
tion from widely-scattered Ophiuchus and Camelopardalis to Orion, 
Scorpio, and the Great Bear; and in recent years we have found 
tliat the most conspicuous stars of these three last named constella¬ 
tions actually form physical stellar systems. The stars of each have 
motion, colors, and distances much in common, and in each case 
they have evolved, no doubt, from an origin common in apace and 
in time. From Orion we readily trace the progression in clustering 
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to the Hyades—a more compact and more definitely circuniscribed 
dynamical system—and then to the Pleiades, to Prscsepe, to the 
double cluster in Perseus and similar faint loose clusters of the 
I^Iilky Way; thence, by way of Messier ii and Messier 22, we pro¬ 
ceed by nearly equal steps to the typical globular systems exemplified 
in the great Hercules cluster, ^Icssicr 13 . 

Although w-e may" justly restrict the term ** star cluster " to physi¬ 
cal systems—that is, to groups which have the characteristics of 
distinct dynamical organization—it is clear that the subdivisions of 
the long sequence of groups from Orion lo the Hercules cluster 
must necessarily be vaguely defined. For convenience we here dis¬ 
tinguish only open and globubr dusters, and designate ail as open 
except those seventy or eighty highly condensed groups who&e stars 
appear innumerable even with the aid of our biggest telescopes and 
most sensitive photographic plates. 

Open and globular clusters differ in matters other than richness 
and apparent circularity. In average distance from the earth the 
globular clusters much excel, in stellar constituency they are more 
varied, and iive recognize in their wide spatial distribution that from 
a dynamical point of vicw^ the globtdar dusters ^e quite distinct 
from the open groups w hich dosely congregate along the middle line 
of the Milky Way. 

A few of the nearest globular dusters are visible to the unaided 
eye as faint hazy objects, and some of them have been in the astro¬ 
nomical records for two or three hundred years. To Messier and 
earlier observers they were known only as starless nebulosities, but 
Sir W iUiam Herschel and his son, with their greater tcIescopeSp par¬ 
tially or coiuplclely resolved the brighter clusters into myriads of 
distinct stars. 

The great idescopes of the present time and the powerful modem 
methods of astrophysical investigation have greatly extended our 
knowledge oE globular dusters, but they have not appreciably added 
to the total number. The numbers of known stars and nebulae have 
increased enormously with the increase of optical power, but during 
the last eighty years less than five n^w globular clusters have been 
added to the original lists compiled by the Herschels. In fact, we 
seem to have passed the era of discovery of such systems; the pres- 
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ent lists inay be considered cssenliallTr compkie—a condition that 
does not prevail for any other important type of celestial object. 

It has been sho^vn through the studies made at Mount Wilson 
that most of the globular dusters are remotely isolated systems, 
neither intermingled nor closely surrounded by other stars. 
They may be treated, indeed, as distineE cosmic units, and tu treat¬ 
ing them as such* we may fulfil the purpose of the present commu¬ 
nication by discussing briefly a single system. In certain details, 
there are, to he sutCj, conspicuous differences from system to system, 
but in such matters as size, number of stars, and stellar niake-up, 
no greater diversity appears* 

The Great Cluster in Hercules, N'o* 13 Messier’s welUknowii 
compilation of 103 bright nebulae and clusters, is the system chosen 
for the present illustration- To ihe unaided eye it is faintly visible 
as a haz)*' star of magniiude 5-^? about two degrees south of Eta 
Herculis. The photograph used for this illustration was made by 
Professor Ritchey on a plate of medium rapidity with an exposure 
of eleven hours ; it records something like 30,000 stellar images 
brighter than the twenty-first magnitude. Nearly all of these are 
actual members of the cluster and not merely objects of the fore- 
grounc^ projected among the cluster stars. 

The distribuEton, brightness, and colors of many hundreds of 
the stars in Messier 13 have been specially studied at Mount Wilson- 
Some attention has also been given to spectral tjpes and radial ve¬ 
locities—difficult problems even for large telescopes and povverfuT 
spectrographs because of the extreme faintness of the indishdual 
stars. Space cannot be given here to describe the methods recently 
developed for the determination of the distance of Messier 13 and 
other globular clusters; we shall only remark that photomeEiy, as¬ 
trometry, and spectroscopy are all involved, and that Cepheid vari¬ 
able stars play a furdamental role. The adopted value of the par¬ 
allax for the Hercules cluster is o''.ooo09, with an estimated uncer- 

tainty of less than menty per cenl. 

Even to those who arc accustomed to think of the great depths 
of sidereal space, it is difficult to comprehend clearly the remoteness 
of the Hercules duster. Its distance, 3 5 X 10’" kilometers, is more 
than eight thousand times that of the nearest star now known. 
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Fic. i. The Glabutir Cluster, Messier 13. 

Light, traveling with its har 4 ly conceivable v'elocitj' of 3.00,000 kilo- 
meters in a second of time, reijuiTes eight minutes for the passage 
from the sun to the earth, but it nntsl travel more than two thou¬ 
sand niiUion tintes as long to reach us from this globular cluster. 
Hence our knowledge of the position and physical characteristics 
of Messier 13 does not refer to the system as it now exists. Our 
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roost recent infonnation dates from the time the light we now re¬ 
ceive left its remote origin in the cluster, and what has occurred 
there during the last 360 centuries is beyond our power ol finding 
out, Oo the basis of our knowledge of the probable causes of these 
past conditicrtis, we niay believe with good reason that the cluster 
is now much as it was jfi.tjoo years ago. Such an inters-al of tune 
is of small con,scquence In the life history of a gigantic stellar sys- * 
tem; but while these pulses of light have been coming across the 
intervening fraction of unending space a thousand human genera¬ 
tions have come and gone; man has emerged from a vague, unre¬ 
corded past and in fleeting succession all his historically known na¬ 
tional civilizations have slowly evolved, flourished in vaunted per¬ 
manence and supremacy, and quickly relapsed into oblivion or poor 
mediocrity. We recall, too, that of all the globular clusters whose 
radiation is continually streaming toward the earth, ^Icssier 13 ts 
one of the very nearest. 

With the distance of the duster known, we readily translate an¬ 
gular dimensions, as measured on the surface of the sky, mto linear 
dimensions. Thii^, by the definition of parallax, the angular value 
<>''.00009 corresponds in the Hercules cluster to one astronomical 
unit—the distance separating sun and earth. By transferring a 
linear scale to the cluster, therefore, as in the accompanying illus¬ 
tration (which does not include the outlying stars), we may d^er- 
mine the separation of the individual stars, the number in a given 
volume, and numerous other facts concerning the physical structure 
of the system. 

It is worthy of emphasis that in determining the distance of the 
Hercules cluster we have at the same time derived the distances of 
its tens of thousands of stars. The absolute values of these dis¬ 
tances appear to be accurately known; and certainly the distances 
of these stars relative to each other are known with an accuracy 
that is unequalled in ordinary paraltax work, for in any given 
globular cluster the distance of all the stars from the earth 
accepted as the same^ with an error of less than one per cent. ^ e 
are thus in a position to make some general investigations of the 
inter-relationships of the brightness, colors, numbers, and ^sitions 
of stars; and, because of so little uncertainty in the relative distances 
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and because of the great numbers of stars available, we can make 
these investigations with more ease and accuracy in a globular dus¬ 
ter than with the bright stars around the sun. 

A conception of the great size of a globular cluster may be gained 
by indicating on the picture of Messier 13 some of the familiar dis¬ 
tances of the solar neighborhood. The distance separating the near¬ 
est known star (Alpha Centanri) from the sun is indicated by the 
short bbch line near the center. In the cluster^ within the corre¬ 
sponding distance from the center, there appear to be thousands of 
starsp illustrating hoiv greatly different from the conditions of our 
own immediate part of the universe is the concentration of mass 
and luminosity in a globular system. The distance to the Hyades, 
the w'ell-known group of bright stars in Taurus, is represented on 
the photograph by tlie distance from the center of the cluster to the 
star marked H. The diameter of the large circle is about fifteen 
minutes of arc on the surface of the sky, corresponding at the dis¬ 
tance of the cluster to ten milJfon astronomical units; a sphere of 
that diameter with the sun at the center would include all the stars 
within eighty light-years. 

The total angular diameter ot the cluster is about thirty-five 
minutes of arc. corresponding to twenty-three million astronomical 
units, or more than three hundred and fifty light-years. 

All the cluster stars shown on the photograph arC' giants in 
actual luminosity. At the cluster's distance of 36,000 light-years, 
a star as bright as our sun would be considerably fainter than the 
twentieth magnitude and would not appear on this reproduction. 
The three stars whose images are enclosed in small circles are plio- 
torgraphically almost e.^actU one hundred times as bright as the 
sun, and the most luminous giants in the cluster exceed a thousand 
suns in light emission. 

It is a remarkable fact that the brightest of these cluster stars are 
red and the fainter ones are blue. The red stars, because of low 
surface temperature, emit much less light for a given amount of sur¬ 
face area. To excel in brightness, therefore, their volumes must 
be enormously large-in extreme cases more than a hundred thou¬ 
sand times that of the sun, and. since stellar masses in general are 
probably not very unequal, the mean densities of these red giants 
are coireipondiagly small ^ 
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Although these cluster stars are gigantic when compared with 
the sun, and are highly concentrated into a compact and symmetrica 
organization, they do not differ in physical properties, so far as we 
now can tell, from hundreds of isolated stars of the Galaxy, Many 
of the naked eye stars equal them in light power, in color, m volume. 
The Cepheid variables in the cluster have light-curves, color varia¬ 
tions, and spectra like those of the variables near the sun. In other 
words, the members of clusters are normal stars. 

Until recently the globular clusters have been accepted as sp en- 
cal in shape. When projected on the sky we should diercfore ex¬ 
pect them to be circular in outline, and, except for acci ixita errors 
of distribution, the number of stars should be the same whatever the 
direction from the center. A systematic study of the 
at Mount Wilson has shmvn, however, that a majority of globular 
clusters, as seen in the sky. are slightly but symmctncally elongated. 
This condition has been interpreted as a flattening of the dus er 
system-^n indication that the clusters are not spheres but rather 
arc oblate spheroids or ellipsoids. Messier 13 'S of the most 
flattened; and though the elongation, in the direction indicated m 
the picture by inclined white lines, can be uncertainly seen, either 
vHsually or on photographs of the cluster, it is very readily shown 
by counts of the individual stars. There are about thirty per cent 
nmre stars in the direction of elongation than at right angles thereto. 

The flattening suggests that this great stellar system may be m 
rotation about its shorter axis. Observations have not as yet deter¬ 
mined whether or not such a motion exists. It is known, howeve 
from spectroscopic work at the Lowell Observatory and at ^ ount 
Wilson, that the duster as a whole is moxing with the high vdoaty 
of two or three hundred kilometers a second. Kotmg that the mass 
of the whole duster is probably in excess of 100,000 suns, we apprt 
ciatc that the monientuni of this moving cosmic unit must be exceetl- 

“’^Th^lniy compouent of the motion of Messier 13 now known is 
directed toward the earth and toward the greatly extended strata of 
.tars that constitute the galactic system. If the duster 
5tantly with this velocity, it will have 

within fifty million years, coming from its present isolation m space 
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to the regions where scattered galactic stars are numerous and where 
alJ the open clusters are faund. 


The foregoing analysis of a single typical globular system indi- 
cates the releii'aiicy of the investigation of clusters to general stellar 
problems. The factor that contributes most to knowledge of the 
sidereal universe naturally is that of distance, for distance is the 
key to the actual dimensions of a cluster and to the real luminosity 
of stars. We directly approach problems of even greater interest, 
however, when the distance is determined not only for Messier 13 
but also for the S5 other globular systems that are now recorded in 
our catalogues. Those problems are the size of the known stellar 
universe, and the arrangement and relationships of its various parts. 

Probably the most interesting of many results deduced from the 
study of the aggregate of open and globular clusters is the evidence 
of the msi^ificance of the earth, sun. and brighter stars in the gen¬ 
eral galactic system. W'e arc impressed with the shortness of the 
sidereal distances commonly measured as compared with those of 
clusters, Cepheid variables, and star clouds. The sun. it appears is 
only a yellow, dwarfish, very old star, eccentrically situated in a 
la^ge moving star cluster which is itself situated stiU more eccen¬ 
trically tn an immensely larger stellar organiza.ion-^that is. in the 
general galactic system, which appears to include practically all 
known pbjects oi th& stellar universe. 

The details and getieral results of the investigation of the dis¬ 
tances and d,s.nbut.on of all globular clusters cannot be mentioned 

undred thou^d times as Urge as we formerly believed it to he. 

e center of the great elltpsoidal system appears to lie in the di^ 
r« ion of the nch star clouds of Sagittarius, at a distance of luea t 
sixty thousand bght-years. Its most striking feature besides ^ 
dimensions and probable mass, is the extensive, much flitened mid- 
gaUctic segnient, which contains open clusters, isolated starJ and 

without their radial motions, their distribution in spa^^atd ihZ 
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* probabls genetic relationships to open clusters support that view. 
It may be that the thousands of sub-organi?ations in the galactic 
system, such as open clusters, star streams, moving groups like those 
in Ursa Major and Taurus, wide pairs of stars of common motion, 
long-period visual binaries, all oringinate in these in-falling globular 
clusters; it may be, too, that the galactic system itself, which possibly 
is little else than a great mUture of disintegrating minor systems, 
owes its beginning and subsequent growth to globular dusters. But 
whatever its origin and destiny, it is dear that the sidereal system, 
as it now stands out, is a giant in mass and v'olume compared with 
the region around the sun to which we have usually confined our 
stellar investigations, 

Moustt Wilson OBSEUVAToav^ 
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By D, T. MacDOUGAL. 

(Rtad April ijt 19/^.} 

The studies described id the present paper are based upon the 
results of three methods of obserk'ation and experimentation, as 
follows; 

A comprehensive series of measurements of the variations 
in volume of stems, leaves and fruits have been made in which the 
course of growth and variations irt rate have been correlated svith 
variations in such en^ronmental factors as temperature, humidity, 
water supply, etc. The records include the entire developmental 
period of many stems extending in some cases over a period of two 
years- A paper descriptive of some of this work was presented 
before this Society three years ago and was printed in the Proceed- 
ings for rgij- 

{&) Attention has been directed to the determination of the 

composition of living matter and the manner In which its com¬ 
ponents are united or mixed in the cell. Series of analyses ar¬ 
ranged to show not only the general character of the cell contents, 
but also the seasonal and developmental changes in plants have been 
made, in connection with the comprehensive work of Dr. H. A. 
Spoehr upon carbohydrate metabolism (now in press). 

(c) Measurements of the hydration reactions of tracts of living 
cell-masses have been compared with the reactions of sections of 
plates of colloids made up in simulation of the composition of plants 
show that the water relations of the living material of the higher 
plants are those of a colloidal mixture consisting predominantly of 
pentosans, of a lesser proportion of albumin, albumin derivatives 
and arnino-compounds and of a minor proportion of Itpins, with an 
inevitable small amount of salts, 

mutually inter- 

diffusible to any extent and hence in my colloidal preparatLs, as 
■Abstract prepared by authar fr^m a lengthy maru«mpt 
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well as in the protoplast, must be considered as simply mixed m an 
intimate manner in interlocking meshworks, foams or wliatever 
interpretations may be given to the structures revealed by cytological 
technique. Living matter made up in this manner may be misesbte, 
or immiscible, according to the nature of the pentosan or protein en¬ 
tering into its composition. It is obvious that the proti^lasm m 
which the carbohydrate element is like agar would not be soluble,” 
while a mixture composed largely of gum arable would go readily 
into suspension. Hydration as used in this paper denotes the union 
of water with the molecules or aggregate of molecules of subst^ces 
in a colloidal condition inclusive of the action by which first definite 
proportions are taken up in sc^called chemical combination, and 
also of the indefinite absorption combinations. 

Growth may be defined as consisting chiefly in the hydration of 
colloidal material in a living condition generally accompanied by 
accretions to the main components as described above, although not 
actually necessary for the conception as the ground or fundamenta 
structure of protoplasm might be increased by rearrangements ot 
material already included. The later stages of increase m volume 
of a protoplast are coincident with the formation of denser per¬ 
manent structures having the effect of increasing the relative dry 
weight with age or approaching maturity, a procedure w'hich may 
be taken to be universal in the tissues of the higher animals, ac¬ 
cording to the researches of Donaldson, Hatai and others. 

This too IS currently assumed to be the case m the tissues an 
organs of the higher plants, but my ow-n results include a ty^ of 
growth in which this is not the case. Succulents of all kinds produc 
stems or leaves in which the percentage of dry weight of small young 
organs such as the joints of cacti, leates of MtsfmbryMthemim. 
and fruits of the melon or berry type, is greater than that of mature 
organs or members exemplifying a categorv* of growth espccjaUy 
interesting in the present connection. Succulence is due to t e 
hypertrophy or exaggerated growth of cells m which t e 
have been converted into pentosans, initially as a result of low wa e 
contents of the cells, the pentosans having a high capac.tj- for w _ 
which is exerted during the remainder of the life of the cell, a 
is in such organs that the relative dry’ weight does not increase 

age. 
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The living matter of the plant cell includes pentosans which are 
to be taken as weak acids and which show only slight dissociation, 
ard of albumins or amino-compounds, which undergo a greater 
hydration with increasing concentration of hydrogen ions. Hydra¬ 
tion of the carbohydrate or pentosan constituent or protoplasm is 
affected in the reverse manner. The actual rate of growth of any 
protoplast would therefore he a resultant of the opposing action of 
pentosans and of albumins. 

Swelling, hydration or growth of hio-colloidal masses is not 
however simply a matter of hydrogen ion concentration, as W'e have 
found that the hydration and swelling of pentosan-protein colloids 
simulating protoplasm, of tissues of living plants and of dried cell- 
masses, is facilitated by the amintKompounds which dissociate as 
bases. The greatest increases occur in concentrations of 0,0] AT to 
O.oot M of such substances as almin, asparagine, glycocoll, phenyl- 
alantti. and ethylamine. Concurrent accelerations of growth resnlt- 
ing in increased dry weight and greater volume are reported by 
many experimenters using such substances in culture solutions ft 
is highly probable that bases (cations) may have some effect on 
hydration or growth, a matter yet to be tested 


^e essential feature of an ideal!tied growth is the accretion or 
addition of water and material to the mass of colloid constituting the 
cell. The actual mediaittsm of incorporation is not easily delineated. 
If protoplasm consisted ot a system of colloidal structures such as 
those ot the pentosans and the proteins interwoven, but not diffusing 
into each other, the more solid material which lowers the surface 
tension to the gr^test extent, having the ]ea.st attraction for water- 
molecules, would tend to usurp the position of the surface layer 
Furthermore, the solid phase, whether it be in the form of globules 
or ™ the continuous element, would tend to increase and crowd 
getber with a lessening of the more liquid phase. This would imply 

pat e^'in "h^e L'r " '''ith agar or starch 

Lit carbohydrate would form 

both the colloidal framework or mesh, as well as the external layer 

" Bioedldd." 
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of the mass. In actual practice the mixtures are soUdified too 
quicklv for this to occur. 

The separate colloidal masses where they do exist have, of 
coume, definite boundary' layers, as are formed wherever two col¬ 
loidal phases meet. Protoplasm may not be regarded however as 
altogether a mechanical admixture of minute strands of material of 
different composition. Much of it, mduding the more fluid portions, 
must consist of molecules of carbohydrates, proteins, salts and even 
Upins aggregated to form submicrons in the disperse phase or m 
the denser more solid fibers, mesh or honeycomb of the structure. 
The external layer formed might well be in a sense a mosaic, but 
it is to be noted that no actual proof of such a condition is at hand. 
Both absorption or imbibition and osmosis including differentiated 
diffusions would be affected by the composition and relations of the 
two phases of the colloids in this outer layer, and it seems highly 
probable that an adequate interpretation of permeability will be ob¬ 
tained bv a study of these features. Meanwhile no general agree¬ 
ment as'to the nature of the "membrane” or its action is to ^ 
expected until many widely current assumptions are discarded. The 
external layer of a protoplasmic unit is In every- case a product 0 
the surface energy of the mass or systems of living materia interna 
to it and of the medium and it has no other permanent or morpho¬ 
logical value. Its constitution must necessarily vary widely as does 

that of the living protoplasm. 

The experimental studies described in the present paper 
devoted chiefly to the action of protoplasmic masses m which the 
pentosans in colloidal combination with proteins and salts detenu me 
the volume or mass of the living material of the cell- The other 
soluble carhohydrates. including the hexoses, suerMS, dextrose, o 
not occur in the cell in such concentrations as to affect the enlarge¬ 
ment of the protoplasmic mass directly, but in the vaoioles they may 
exert an osmotic effect additive to that of the ammo-acids which 
may accumulate in these cavities. It is to the osmotic activi^- of 
these substances in the vacuoles that turgidity is due and a by no 
means unimportant part in the maintenance of the rigidity of or^ 
and other features is to be ascribed to these turgor stresses and t - 
stons. The inadequacy of osmotic phenomena and of the cone p- 
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tioiv of the semi-permeable membrane to provide a meebanism for 
the translocation of complex material from cell to cell, and the in¬ 
corporation of new material in a growing mass has long been recog¬ 
nized. That osmotic pressure however may play an important part 
in the enlargement of the plant cell may well be concluded from the 
fact that in the stage following the initial swelling of the embryonic 
cell, a large share of the increase In volume is due to the increase of 
the vacuoles. It would be a mistake to conclude that the vacuole is 
simply a sac charged with electrolytes, as these cavities invariably 
hold proteins and carbohydrates in a colloidal condition in which the 
degree of dispersion may vaiy- widely, but still absorb water. A cor¬ 
rect estimation of the manner in which osmosis and imbibition inter¬ 
lock in growth is one of the tasks demanding the immediate attention 
of the physiologist. 


The Effect of Oac.^Nic Acids avd their Auiko-Comiwukds on 

Growth, 

The accelerating effects of acids or of the hydrogen ion concen- 
tratiori on hydration of proteins is well known, and something of the 

retarding effect on the su'ellEng of mucilages or pentosans have been 
described in recent papers. 

The effect of bases (cations) on these processes has not yet been 
measured, nor has the method by which the amino-compounds act 
in this matter been determined. 

'fhe hydrogen ion concentration of the liquids in the plant cell 
remains constant within limits and in succulents examined by Tennes^ 
Hempel may be expressed by P, 3.9-^, as determined by electro¬ 
meter and titration methods. The presence of the adds of which 
maltc IS the more abundant, and its combinations with such bases as 

iron and aluminium makes 

a ^ffer by which the degree of dissociation is controlled 

In additton to this comparative stability or narrow range of the 
concentration of hydr^en ions. amint«ou^,^ds are invariably 
present, and their relative amount probably varies but little. 

mxHe Comparison would be 

n^de possible between the action of some of the commoner organic 
acids and of Iheir amino^:ompounds. 
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Two groups were chosen for the tests. Succinic acid and amino- 
succinic or aspartic, which are dibasic, and its amide as noted above 
which is monobasic, and acetic acid and amino-acetic or glycocoll, 
whieli are monobasic. Sections of plates of agar, gelatine, a^r- 
gelatinc, agar-protein and other mixtures were used. Swellings 
were carried out in the equable temperature chambers of the Coastal 
Laboratory at 15-16“ C. A tabulation of the principal results is 
given on the following p^e. 

The two organic acids, succinic and acetic, are scon to exert the 
classical effect on gelatine, the greatest hydration taking place in 
the higher concentrations, the effect decreasing with dilution until 
at 0.0004 the swelling in acetic acid was scarcely greater than m 
distilled rvatcr. At 0.0004 M however the dibasic sacemic acid 
showed a stvelling less than that in distilled water, a fact which sug¬ 
gests a rapid solution or dispersion from the surfaces of the sections 

and alterations of viscosity' in the mass. 

Mixtures of agar (8) and gelatine (2 parts) were now tested, 
and the hydration in succinic at 0 00008 M was but 1030 per cent, 
as compared with 1684 per cent, in water, while acetic acid was 
slightly higher, 1167 per cent. A simiUr statement would hold for 
the action of these acids on agar, and for agar-protem, the hy ration 
of w'ater along being reached more nearly than in the agar-gelatine 


sections. 

Whtn we now tnm to amino-suceinic or aspartsc acid and animo- 
acetic acid or glycocoll, some nesv relations arc uncover^. 

The aspartic acid (amino-sticcmic) appeared to exercise a nomb e 

infliiencc on the hvdration of agar within the range of its solubility. 
When more than this was added to the water used for solution a 
swelling in excess of the expectancy resulted. It tvas also seen that 
the surface of the liquid became covered with thm crystals. In a 
probability the solution or dispersion of some agar into the water 
resulted in the displacement of some of the acid with the result that 
the sections were actually hydrated from a solution less concen¬ 
trated. giving a swelling in excess of the expectancy. 

Asparagin .was now applied in a series of concentrations to sec¬ 
tions of agar of the above swelling capacity m water and jt was 
found that hydration was actually increased or accelerate . 
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ORATION OF Agar, GElATtSE, AsAR-G eLATJ N e ASO AcAJt-OAT-I^raiTEIN IN 

Organic Acins and tkur Auino-Cohfouniu at C Expansion 
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total of 2630 tent, and which had stood in the solutton without 
any perceptible change for a few honrs after the dose of the test 
tvas nOTftT treated to a aor M asparagtn solution. The mechanical 
disturbance which might result from changing the litjuid in the dishes 
was minimized by fractionization. About one third of the water 
was removed then the level was raised by the addition of aspanigin 
solution and this was repeated about a half dozen times, the final 
result being a solution which was diluted slightly below hundredth 
molecular. A slow expansion began at once which continued for 
about 20 hours^ which raised the total hydration of these sections to 
2890 per cent., an increase of 230 per cent.^ due to the action of the 
asparagin on sections w'hich had undoubtedly been reduced in mass 
somewhat by solution from the surfaces. 

The presence of asparagio in the water in which swelling of 
gelatine was carried out, produced an uncertain effect fay reason of 
supposed solution or dispersion of the gel. Neither can much be said 
concerning its action on agar-gelatine mixlnres, except that the re¬ 
sults show a maximum at o.oi 

’WTien the asparagin is applied to mixtures in which the gelatiive 
is replaced by an albumin^ the results included some special reac¬ 
tions. Plates of agar and oat-protein were made up to contain 8 
parts of the first and 2 of the last, coming down to a thickness of 
0,22-0.23 mm. These swelled at 17“ C. to the proportions showm in 
the table, which in some cases exceeded that in water. The swell¬ 
ing in concentrations as high as O.oi M w^ere but little below that in 
w*atcr. 

GlycocoU has been used in many adtural tests with plants and 
various interpretations have been placed on its accelerative iofiuence 
on growth, and its mfluence on swelling therefore has an unusual 
interest 

Thin sections of agar sw'elled in all glycocoll solutions less con¬ 
centrated than 0.3 if to the amplitude attained in w ater and exceeded 
it in some casc^, a fact which for the first time gives a sound basis 
for results in w hich growth was accelerated and the total increased 
by this compound. 

Another pentosan, gum tragacanth, was dried from solutions to 
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form sections O-I3 ttim. thick on filter paper. Swellings at 15* C. 
were obtained a$ follows: 

OlHUted W«*r, GlyettM. 

^ Jl, jV. njtii M. 


1380^0 


i- 

1077 % i 4 <Si 2 % 


This giitn li(^uefie$ irreguLirly and hence the figures show the 
extent of swelling before active dispersion of the mass begins. 

Next a mixture of 9 parts of gelatine and i part tragacanth was 
made up at 2,5 per cent, to correspond to a similar mixture of gela¬ 
tine and Opuntia mucilage. Swellings as follows at 15" C, were 
obuined: 


DbtilLid 




0^35 


M. 




1520% [040% 1320% 


Nothing be concluded on the basis of these figures except 
that the hydration of this material reaches a stage where it goes into 
dispersion unevenly and in a manner which makes auxographic 

readings, as well as all mass or weight determinations, of doubtful 
value. 

Tlie above tests were repeated with Opuntia mucilage with the 
following results: 


DtiliDed WjMvf. 


^ 3 % 


■ + 4 ^ . .r i. i 


-V. ^ Jf. ojKi Jf. 

- ---X- 

Soo% 654% 600% 


It is highly probable that the high relative swelling in the more 
concentrated solution is due to the hydrogen ion effects on the gela¬ 
tine as glycocoU is known to show some dissociation in this way. 

Sections consisting of 4 parts agar and i of gelatine which had 
an average thickness of .3 mm. swelled as follows at IS" C. in aly- 


.V. .,35 

ISSO% 


At 

10 O% 


1767% 


The average swelling of such sections in water w'as about 170c 
per cent and the irregularity characteristic of auxographic measure¬ 
ments of the action of this aminoacid is seen in the above results. 
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A preparauon was now made in which two parts of the water 
soluble protein from oats was added to S parts of agar in a 2.5 per 
cent, solution of the latter. The plates dried to a thickness of ,25 
mm. Wlien sections of sucli biotoUoids were swelled in the gly- 
cocoll series, the results were as shown in the table, the hydrations 
in concentrations less than 0,01 M approaching and surpassing those 
in distilled water. 

The action of acids being^ supposedly due to the hydrogen ion 
concentration, a test vvas made of the action of a solution in which 
glycocoil (amino-acetic) was added to acetic acid. Trios of surface 
slices of Opuntia which had dried to a diickness of 0,8 nun, swelled 
163 per cent, in .05 N acetic acid and 156 per cent, in a .05 N solu¬ 
tion of aeetic acid and glycocoIL N'o especial significance can be 
attached to the lesser swelling in the double solution, except that no 
evidence as to acceleration of swelling by the addition of the amino- 
acid was obtained. 

Next trios of sections of 8 parts agar and 2 parts gelatine 03 
mm. in thickness ^vere swelled in the acetic and amino-acetic solu¬ 
tions 0.01 N at C. The swelling in the acetic acid alone was 
1450 per cent., while that in the combined solutions w'as but 1300 
per cent,, which agreed with the previous effects in being less than 
in the acid alone. 

Trios of sections of agar swelled 1875 per cent, in a 0.01 N solu¬ 
tion of acetic acid at 18* C., while a combined solution of equiva¬ 
lent molecular concentration showed a swelling of 175^ cent. 

There no^v rentained the test with living tissues. Some joints ol 
Opnntia bhkeana of 1918 which had been brought from Tucson two 
months earlier and had laid on the table with the result that they had 
lost much Vh'ater but were still alive, were used for this test. A trio 
of ^sections with an average thickness of 6 mm. sw’^elled 60 per cent, 
in the hundredth normal acetic acid, w hile a similar trio which meas¬ 
ured 5.5 mm, on the average swelled hut 45.5 per cent, in the com¬ 
bined acctic-glycocoU solution. A second feature distinguished the 
two reaction Sr the swelling in the acetic being continuous and ap¬ 
proaching zero during the 20 hours of measurement, iivhilc in the 
combined solution full expansion was reached in 4 hours after which 
a shrinkage resulted In a loss of nearly 5 per cent. 
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A rcUirti was made to the biocolloidal mixtures and trios of sec¬ 
tions of agar S parts and oat protein 2 parts with a thickness of *22 
mm. were swelled at iS* C. The hydration sw-elling in the hun¬ 
dredth normal acetic acid gave an increase of 1318 per cent., while 
an equinormal sotntion of the acetic acid and glycocoll gave a swetl- 
iiig of i(k)5 per cent. 1 his lest is the only one of the series in which 
the addition of glycocoll to the acetic acid enhances imbibition. 

An additional test tvas niadc in which equal amounts of gly- 
cocoU and acetic acid w-ere brought together at a concentration of 
0.001 M on agar-oat protein sections as above. The swelling in the 
acetic acid was 2681 per cent, or about the same as that possible in 
distilled water (2630 per cent.) while the swelling in the combined 
solution was slightly less, being 2570 per cent., a difference which 
is without special significance in this case, as it is near the limit of 
instrumental error or might liave been caused by brief temperature 
v^ariations. 

The positive action of amino-compounds in affecting hydration 
is welt demonstrated by the above facts. These effects are not coin¬ 
cident with the action of solutions offering the greatest hydrogen 
ion concentration, or at any point in which an optimum of such 
action might be assumed. The actual maximal hydrations in amines 
compounds take place in reality in attenuated solutions (o.i M to 
O.OOC3o8.V),bm the nature of the action has not yet been determined. 


TishMPE kATuiui Factor ijf Growti!. 

If growth were dependent in the main upon any reaction or upon 
a chain of consequent transformations the influence of temperature 
upon the rate and course might be readily and definitely established. 
Many authors have assumed such a state df affairs. 

Growth however is an interlocking meshwork of reactions and a 
rise of temperature through the ordinary range from 5* C to 30" C 
may and generally does pass the point at which one or more of the 
reactions pa^s the range of its accelerating effect, and in any 
further rise becomes an inhibition. Such results are to be found, 
for example, m the action of hydrogen ions or in respiration res¬ 
idues. The following experiments may serve to illustrate this 


matter. 
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The petioles of some youn^ pLams of a hybrid in the 

glass liouse at Tucson were available on April 21, 191S. Trios of 
sections were placed in distilled water and acids at tS® and 38^ C- 
w'ith results as follows: 


LHUitJbJ Hnodrifd;!! NdhiikE 

Wiittf. CIl^C: Add. 

ir c ... 43% 42% 

38“' C. ... :r.8 3.6 


The sivelling in distilled water was nearly three times as great 
at the higher temperature, while in the acid solution a retardation 
took place which limited the total at the higher temperature to 
something over a half that possible at the lower points The total 
swelling in add at the lower temperature occupied an hour and at 
the higher temperature it w^as a matter of ten or fifteen minutes. A 
similar speeding up of imbibition in water was observed. The total 
capacity at the lower temperature was not reached for S or 10 
hours, while at the higher it was something under 2 hours* 

Plants of Fhascohis which formed the experimental material for 
measuring the growTh of pods and seeds bore some pods in which 
the beans w^ere nearly mature. Pods of the same stage of develop¬ 
ment as one which was under the autograph for recording daily 
changes were opened and the unripe beans removed- The ends w'ere 
cut away, the outer coat removed; the remainder of each coty¬ 
ledon made on section of which three w'ere taken from separate 
pods for swelling. The average thickness ivas 3.2 to 34 mm. and 
the swellings were as follows: 

Wflin-. HiF^cdih CJcrie Acld^ 



f 

a....14 % 

a.. 

.*.IJ % 


. 1 

g 

t. 

... 97 


( 


dT.. 

... 6.e 


. 1 


b. 

... 44 


The higher temperature to which a was subjected appears to be 
above the point at which maxinitini absorption or imbibition takes 
place in distilled water as the swelling was 30 per cent, less than at 
the point below. The retarding efiea is much more marked in the 
acid solution, however, as the reduction of the total capacity below 
that shown at t8“ C. amounted to 40 per cent. 
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Thi* material in b takeai at a later date and with seeds 

which seemed to be more nearly maturej showed an increase in 
swelling in distilled %vater oE about 45 per cenL over the total at the 
lower temperature, while the swelling in add was less than half 
that at t 8" C. The average of the Dvo series i$ such that the $ well¬ 
ing in distilled water is nearly the same at both temperatures, while 
in add the average at tS^ Cp is 104 per cent., which is nearly double 
that at 38* C. at which point the hydration capacity seems to be in¬ 
variably lower than at the lower temperature. These averages rep¬ 
resent a total of sbc cotyledons each. 

A final test of variations in temperature upon material in an 
addified condition w*as made with dried sections of OpmUm. These 
sections were made by slicing away the cblorophylloiis layer from 
one side of the flat joint and drying the remainder in the desiccator 
and in sheets of blotting paper in such manner that buckling and 
crumpling was prevented. After all of these precautions were taken^ 
however, the measurement of the sections was subject to some 
error due to the fact that the fibre vascular strands remaining W'ouid 
increase the thickness under the calipers without reacting in due 
proportion to the action of the swelling agent. A wide range of 
fibres was obtained, but it was apparent that a rise in tentperature 
did not have an effect on material in acid equivalent to that in dis¬ 
tilled water, as will be apparent from the following measurements 
obtained from sections which were .43 to 46 mm. in thickness. 


13“ C. .. 


Average 
C. ..... 
38" C. . 

Average 


tKinElM 

W4tEr. 

315% 

385 

486 

3^% 

4S3 

300 

413 

4$7 
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Hnikjwltk Normal 

Chiic Add. 

360% 

430 

460 

460 
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400 
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The increase in swelling in distilled water is seen to be about 
twice that In the acid in the rise from t8° C. to 38* C The influ¬ 
ence which the condition in question may exert on the rate of 
growth is obvious. Thus the course of enlargement of an organ or 
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of a cell-mstss in so far as this consists in hydration may vary widely 
in the first instance because of the residual acids in the colloids and 
the balance or accumulation of this will in turn depend upon the 
effect of the enaymatic or respiratory processes in metabolism. 
Thus a rise of 10 degrees from the customary morning temperature 
of 15* C which has been encountered in so many of these experi¬ 
ments, would result in an acceleration of grow’th largely determined 
bv the state of acidosis of the plant. A rise from the same tem¬ 
perature later in the day or under other conditions of illumination 
w'ould necessarily have a different result. An extension of the at¬ 
tempts to bring rates of growth into a figure or formula, therefore, 
would be a forced application of knowledge of one process to a com¬ 
plex of activities in which any change in temperature might set up 
opposed alterations. In consequence of this fact, the coefficient of 
variation for 10* C. is seen to vary from one to seven in various 
organisms. 

The capacity for hydration and growth is a resultant of the com¬ 
position and proportions of the principal components of the living 
matter and the relations of the phases in which they occur, modified 
by the '* nutrient ” salts absorbed in its structure, and by the products 
of unceasing metabolic changes, especially the transformations 
which are comprehended in respiration and which carry compounds 
through a stage in which acids are formed. These features as in¬ 
fluenced by temperature determine the rate, daily course and total 
expansion in growth. In addition, a certain amount of niaterial is 
lost from the plant in the form of carbon dioxid, and as has been 
emphasized on the preceding pages, the surface loss of water may 
overbalance absorption. The rate, course, and amount of growth is 
therefore affected by many agencies and includes multiple interlock¬ 
ing ructions. 

Water-conteN'T, Dry Weight and Other General 
Considerations, 

Two different types of organs or shoots with respect to the 
TOTiattons in the water-content and dry weight are recognizable in 
the material which has served for studies in growth as described tn 
this paper and in the work of other writers. The commoner types 


360 


MacDOUGAL—HYDRATION and growtk. 


of woody stems, thm leaves and the organs of the greater number 
of the higher plants undergo a development which terniinates in a 
mature stage in which the proportion of solid material is very much 
higher than that found in younger material A parallel procedure 
is the prevalent one in the tissues of the higher animals. Thus by 
way of illustration, IDonaldson found that the proportion of water 
in the bodies of mammals disminishes with age, and Hatai has 
shown that the percentage of water is an indicator of phases of 
chemical alteration in the composition of the body,' 

Growth and differentiation of cell-masses into specialized tissues 
is not inseparably connected with increases in dry weight, however, 
as has been demonstrated by studies of the growth of frog larvae in 
the earlier stages,' and It is highly probable that similar phenomena 
are prevalent in the fleshy fungi and other loiver forms of plants. 

The distinction between the tTvo kinds of growth has not been 
made previously in studies of plants and the matter was finally 
taken into consideration in the experiments late in 191S. 

Etiolated plants furnish examples of growth with a small increase 
in proportionate dry weight, hut chief interest attaches to pbnts 
which normally show such action, and the most striking illustrations 
are to be furnished by the organs of succulent plants and by fruits. 
The relative amounts of solid material in the flattened joints of 
Opuntia does not increase with the course of development toward 
maturity, and joints which have reached full size may contain over 
91 per cent, of water. Secondary thickening, especially that which 
results from branching and the development of additional fibrovas- 
cular tissue, may cause an added amount to be formed. The propor¬ 
tion of dried material and water in the leaves of 
does not vary greatly with age. These and probably all succulent 
forms are characterized by an exaggerated production of mucil^es 
or pentosans, and have certain implied cycles of metabolism includ- 


» Donald wn, H„ "The Relation of Myelin to the Loss of Water in tht 
Mammnl^n Xenons System with Advancing .^ge," Pr,,. 
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ing an incompkt^! typ^ of respiration which leaves larfe acid resi¬ 
dues. The total acidity of the cell-masses may vary greatly during 
development and during the course of a day% and the actual acidity 
or hydrogen ton concentration of the sap res tilling from the buffer 
sitnation may also show a marked variation, but within much nar¬ 
rower limits. 

Although the development and maturation gf fruits such as 
berries obviously includes a growth in which the total effect is one 
of practical niairuenance or increase in the w^aler-content^ studies of 
ihdr growth seems to be lacking. It was therefore planned to ar¬ 
range a final scries^ of experiments in which the enlargement of 
fruits with increasing dry weight and others with low relative dry 
weights should be measured. Tiie walnut was taken to represent 
a structure with accusnulating solid niatteri and the tomato for the 
other type. 

The walnut consists of a thick fleshy exocarp and a heavy endo- 
carp w^hich finally becomes hard and bony with the deposition of 
anhydrous wall material. The enclosed embry'o also accumulates a 
large amount of condensed food-material. The tomato is a large 
globose berry in which deposition and thickening is confined to the 
small hard seeds. The greater part of the fruit is a fleshy pulp» 
which becomes more highly w’atciy' as progress is made toward 
maturity. 

Nuts of Jughns CQlifonik<^ v-ar. qaerdua Babcock, of various 
sizes from 3 mni. in diameter to that approaching maturity were on 
two trees in the garden at Carmel in June, 191B, Suitable supports 
being provided, the bearing lever of an auxograph was rested as 
lightly on the young nuts as was consistent with a clear record, and 
temperatures were taken by' tbtn thermometers thrust into similar 
nuts or into young stems near the preparation^ Fifteen nuts were 
measured for periods of two or three days or for as long as two 
months in the case of No. 10. 

Coinctdentally with the measuremenis an effort was made to de¬ 
termine the degree of saturation or hydration of the stems on which 
the nuts w'ere borne. A well defined negative*^ pressure was de¬ 
tected in the basal branches of ns^j&r which was growing 

near the experimental tree, A basal branch r2 meters from the 
trunk gave a dry looking surface when it was cut off. 
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A section of a similar branch about 8 mm. in thickne:ss and 42 
cm. long was cut away from another basal branch of the tree^ the 
end of the detached portion quickly sealed with vaseline and when 
all was in readiness the tip w^as excised and the cut thrust into 
water to ascertain the actual deficienc)^ in this portion. 14 hours 
later a total of 6 c.c. of water had been absorbed and 24 hours later 
8,5 c.t, w^hich was a practical saturation, at a temperature of 
to 2Q* C. The volume of the branch proved to he 35 c-c^ so that the 
amount of water absorbed was 24 per cent, of the total. 

Sections of young intemodes of Inghns californlca quercim 
w^hich had an average diameter of about 2,5 mm. were swelled in 
solutions as below\ then dried and swelled again with results as 
betowr at 16^ C. 

Citric Acid Xi?rmiL PutuL EfydraEttig^i M- 

After Drying. 

34 _ 34 J2 

(On basis o^ Dri^ml thickness,) 

The unsatisfied capacity of these sections taken from young ter* 
mina] intemodes was comparatively great, doubtless due m part to 
the constant drain of the active leaves they bore. The older wood 
including that formed the previous year showed an absorptive 
capacity of 22 per cent, in water. Now it is from these older inter¬ 
nodes that the nuts arise. 

The nuts were highly turgid, exuded sap when cut into, and 
hence must have had a colloidal composition ^vhich acted to with-- 
d raw water from the stems which contained a much lower percentage 
of waier+ The soil w-as low in moisture content at this timc^ as it 
had been four to hve months since the rains. 

T«5ts of nuts 8 to lo mm, b thickness from which tangential 
slices had been removed to give a uniform thickness of 7,5 mm. 
were made in July, and these swelled at temperature of 17 to 31O* C 
in solutions as follows: 


10 % 

34 


1.5% 


Citric Add, Ar. 


Petui. .SI Ji. Potui, Nkni*> 

M'S* t% 
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A useful conception of iht hydration coiidilions in the stems and 
fruits may be formed, if due weight is given to the nieasurements 
cited above. The woody branches of the previous year, on which 
both the leafy green twigs and those bearing the nuts are borne, had 
a relatively large deficiency in water so that sections a few centi¬ 
meters long absorbed about 20-25 volume of dis¬ 

tilled water in 24 hours at 20* C- No swelling test was made, but 
it is obvious that an enlargement of only a smalt fraction ouglit to 
be shown by this or any branch with a mature woody cylinder. The 
active green twigs still in a state ol elongation arising from these 
branches had a swelling capacity of 10 per cent. The growing nuts 
arising from the drier stems exuded water from cut surfaces, the 
cotyledons being sacs of watery fluid, in contrast to the dry ap¬ 
pearance of sections of the youngest intemodes, and showed a 
swelling of less than 2 per cent* and soon shrunk when placed in a 
cylinder of distilled water after being cut in halves. In a system 
of this kind any alteration of the conditions which would facilitate 
transpiration would have a differential effect on the older stems, the 
green leafv tw'igs and the fruits. The loss from the stems would 
be affected least since the bark would effectually prevent any notable 
increase in evaporation from the relatively dry woody tissues. The 
loss from the leafy twip would of course tend to become greater 
and the deficit in both leaves and twigs would be increased and their 
absorbing power correspondingly increased. The outer integument 
of the nuts being still in an embryonic condition and being highly 
hydrated the loss would reach a maximum rate with the daily effect 
of causing a cancellation of enlargement banning mid-forenoon, at 
20-22* C. and continoing until niid-aftemoon when a fall in tem¬ 
perature brought transpiration to a rate below that of accession 
from the stem. 

large percentage of the nuts which were placed under the 
auxograph lever were cut off at various stages of development by 
abscission of the stalk. The inciting causes of the actual anatomical 
change which cause the abscission lie outside the scope of this 
article. It was noted however that it was preceded by a period in 
which the nut showed a shrinkage by day in the higher temperatures 
and lessened humidity, alleniating with equalising enlargements at 


364 


MacDougai^hvdration axd growth. 


nights. Finally an abrupt rapid and continuous shrinkage resulted 
in the separation of the stalk. 

The general features of growth of chese nuts tnay be illustrated 
by a r&time of history of No. 10, which was under coi'itinuons e*j- 
sen^ation from Jnly 15 to September 9^ 1918^ during \vhich period 
of 56 days its diameter irtcreased from j6 nini. to 26.5 nifu. Of 
this 2.25 nmi. was gained in the first five days of cool £ogg>' weather. 
This effect was confirmed by the fact that a cessation or retarda- 
tion occurred at midday and was most pronounced on hot sunny 
days, suggesting a direct water-loss* In the w^eek ending July 29, 
the total grow th was an increase of 1.7 mm. Tliis period was char¬ 
acterized by heavy fogs and mists in the forenoon, both the amount 
of shrinkage and rate of increase being lessened—an equalir.atiotii to 
be ascribed in part to approaching maturity. The cemperaturc taken 
from a ibemiometer thrust in a young branch of the thickness of 
the out ranged from 13 to 22* C, The completion of the record of 
No. 10 was followed by cutting 01 the branch bearing it at a dis¬ 
tance of 30 cm. placing c.Kcised end in w ater and arranging the entire 
preparation in the dark room at 17* C. with the nut under the bear¬ 
ing lever of the autograph, Sw^elltng continued tor about 2o hours 
after w'hich shrinkage began which rapidly accelerated. 

The general features of grow th were also well illustrated by the 
following notes on No. 15, which was brought under observation 
when h was about 15 mm. in diameter and put under an auxograph 
amplifying 45 on August 3. Great daily variations in size with a 
net total increase w'ere dispbyed evtry day. Actual enlargement 
could be detected between noon and 2 o'clock which continued until 
8 or 10 the following morning* depending upon the sunshine. If 
the sun rose clear, shrinkage began immediately. If the morning 
was foggy, it would be delayed, but the increase in thickness was 
rapid, being mostly accomplished in 2 hours. Minot variations In 
this general procedure might be brought about from the shade of 
clouds, especially noticeable at noonday August 6 and to be seen at 
other times (see Fig. i). 

It is to be seen from the above that the fruit of the walnut in an 
environment favorable to its development exhibits daily variations 
in growth dearly attributable to the balance between transpiration 
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and absorption. The nut in a growing condition has a high water 
content, and a small nnsatislied capadt)', but its supply from the 
relatively dr>^ stems must come slowly* so slowly that any marked 
increase in transpiration would overbalance absorption in the nut 
and result in cessation of enbrgcment or even shrinkage.® 



Fig. I. Tracings of atixographic record oi walnvt (No. 15) durmg 
three M'ceki. V'ariatlons are amplitied forty-five dtnes and the downward 
movement of pen signifies enlargement. The Kale is numbered in mytime- 
ters. Shrinkage during the midday period lessened by fogs ntid aceeleration 
ill growth by the humidity and increased water sniiply from rain are among 
tJie more striking features. 

Such retardation or apparent cancellation of growth by rapid or 
excessive Avaterdoss has already been discussed in connection with 
the presentation of my original results dealing iviih the growth of 
O^wjifjdt. Recent exemplification of this action in Ctstrum wor- 
fjirpiHwi has been described by Erow'n and Trelease,* 

The fruit of the tomato (Lyc&pcrsicum) presents similar fea¬ 
tures of behavior The proportion of solid maitcr in young fruits 

9 ^(atDougal. D. T., '' Reversible Cbangcs of Form in Succulents.” Re¬ 
port Dept. Bot. Re5- Carnegis Inst, of Wash, Ko* p. ?t. 1913- 

*BrouTi and Trelease, ^Afterriate Shrinkage and ElongatioH of Growing 
Stems of Cfjtrum Janr. e/ Stienct, 13 s No. 6. Hot. p. 

35J, November, 191S. 
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was greater than in those approaching maturity, representing the 
exErcme of this type. Four fruits less than a week old, with radial 
diameters of 14, 16, 17 and iS nun. were found to weigh 14.650 
grams. These were fragmented and placed in a beaker on a water 
bath at about 100* C for 48 hours, at which time the diw material 
remaining was t .QO grams. From this it is to be seen that the young 
fruit contained 87 per cent, of water and 13 per cent, of dry ma¬ 
terial. A mature fruit of the same kind as those measured taken 
September 10 from a ranch near the Coastal Laboratory was 46 
nun. in axial diameter and 58 mm. in radial diameter and weighed 
93.050 grams. This was dried over a water bath for 2 days, at 
which time 8.400 grams remained. From this it is to be seen that 
the ripe fruit contained 91 per cent, of water and 9 per cent, of dry 
material. (See -Anderson, S. P., " The Grand Period of Growth in 
a Fruit of Cucurbita Determined by Weight," AfiViw. 
t: 238. 1894-98; and MacDougal "Practical Text-book of Plant 
Physiology, pp, 293. 294, 1918, New York.) 

A number of plants of the tomato were grown in suitable boxes 
of soil at a ranch in the Carmel valley, and w-ere in such a stage of 
development that young fruits w-ere available at the Coastal Lab¬ 
oratory in August, 191S, 

Six plants in al! were used and continuous records from fruits 
of an axial diameter of 3 to 4 mm. to maturity at SO to 55 mm. were 
obtained. The fruits were obiate-spheroid in form and the auxo- 
graph was arranged to roister increase in diameter nearly parallel 
to the axis in some cases and radially or at right angles to it in 
others. In addition to the other advantageous features of this ma¬ 
terial their regular form and mode of growth made it possible to use 
the variations in diameter as a basis for caiculating the clianges in 
volume of the fniits taken as spheres. 

Temperatures were taken by thrusting the thin bulbs of the small 
thermometers into fruits near the one under measurement. The 
development of such fruits was but little affected by this wounding 
and the thermometer remained firmly in place as in the fleshy joints 
of Opuntia, in the measurement of which this method was first 
practised. The preparations stood in a well-ventilated glass house 
and the soil around the roots was kept moist in accordance with the 
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cuhttral requirements of these plants. The results may be best set 
forth by the description pf the action of the several fruits measured. 

No, I was placed in the greenhouse and a fruit 2 g mm. in diam¬ 
eter was fixed on a block of hard cork in such position that it gave a 
radial bearing to the auxograph which was set to amplify changes in 
volume by 5, on August 9. The record was kept continuously until 
September 18, at which time the mdiat diameter of the fruit was 
51,5 mm. The fruit was turning yellow on September 16 and was 
showing fluctuations in volume comparable to those in No. 2^ with 
which It was run in close comparison and under almost exactly the 
same conditions oF moisture and temperature as recorded. 

No. 2 was adjusted to the auxograph in the greenhouse on 
August 9 in such nianncr as to give modifications of the axial diam¬ 
eter, w^hich at this time was about 27 mm. The record was con¬ 
tinuous iinlil September 18, at Avhich time the diameter w^as 50.5 
mm. This fruit like No. i was beginning to turn yellow on Sep¬ 
tember 16, 

No. 3, 10 mm. in diameter, was adjusted to the auxograph to 
record variations in radial diameter on August 21 ^ and a record was 
kept continuqusly with frequent nocalions of temperature and sun¬ 
shine, etc. It is to be noted that I, 2 and 3 were under equable tem¬ 
peratures, 19 to 20 ° C.* and high relative humidity during the rain¬ 
fall of September ii and 12, 

The fact that the greatest increase in growth occurs in fruits at 
diameters betw'cen 16 to 25 mm. in diameter, before half the final 
size 1 $ reached is a point to which we shall recur in the disevissiou 
of grow^ih in terms of volume. Thus in No-. 3 the increases in thick¬ 
ness weekly were as follow^s: 6 mm., 6.3 nim.+ 2.5 mm.^ 3.5 mm. 

ff this method be followed it would at once be obv ious that while 
the rate of increase in diameter would be a direct measurement yet 
as the fruit increases as a globe the actual material added could be 
regarded as^ a shell on this globe. The rate in terms of volume 
would therefore be the amount of this shell to be calculated by find¬ 
ing the difference between the initial v^olume, and the volume at the 
end of each period by the formula Pi r—Pi R in which r=the 
new’ radius and R the initial radius. The rate by direct measure- 
ment of diameter and by volume increases may be compared as 
below% 
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Average daily rate of growth measured as increase in diameter 
was as iollows for periods Tjeginning as follows: 

A-nj. 91b. APff. An*. aiAt. A«jr. iSth. SflK- ^tli- Sfpl. ttlll. 

1.7 mm. i-i mm, o.j mm. 0.4 mm. 0.28 mm, O.17 nijn. 

Average daily rate o£ increase in volume: 

1,955 ta. mm. i,j8S5cii.mm. i.54ficti. mm. 1,036 eu. mm. 752cu, mm. s^icu-tnm. 

The rate on September ii by dirett measurement would ap* 
pear to be one tenth that of a month earlier, yet actually water and 
new- material was being added at a rate equivalent to one fourth of 
the earlier rate* The radial proportions vvoukl make the rate on 
August 21 not much more than 40 per cent, of the rate on Atigust 9, 
w'hfle the increase in volume w^as over 96 per cent. The rate in the 
week beginning August 28 would appear to be less than a fourth 
that by direct measurement on August 9, yet actually the increment 
of \s^ater and material is more than half that in the younger stage 
and smaller sizen 

A second plant with the auxograph bearing arranged to take 
axial variations in the fruits which measured 33 mm, was arranged 
to run concurrently wdth No. i and under identical temperature and 
conditions of moisture. The daily rates of increase in diameter 
w^ere as follows for the periods beginning: 

Ah£. ifiib, Ai^. jLit An^. lEdii. SipL lib. Stpr. 3 lib. 

mm. 0,7 mm. 0.56 mm. 0.3 tnm. 0.3 mm. 0.2 mm. 
Daily rates in tertna of volume: 

1*563 cu. mm. 1,388 en. nun. 1,274x0. mtn. 949 cm mm. 380 cu, mm. 430 eu. mm. 

Here again the actual course of growth as calculated in terms of 
volume shows that simple measurements of the thickness do not 
express the real values in growth in such organs. 

The third test was made on a fruit taken at a much earlier stage 
at a diameter of 16 mm. vvith a transverse or radial bearingj the tem¬ 
perature and moisture conditions being similar to those of l and 2. 
The daily rate of increase was as follows for the weeks beginning 
on the following dates: 

A114. jrtT, Aitjr. ibh. S*pf. *th. s«pc, 11, s«pt. licii. SepL 331I1. 

,8s Turn. .8s mm, .64 mm. 8. mm. .3 tnm. .37 mm. 

Dally rate in volume: 

SJ7cu.mm. 851 cu.mm. 883 cu.mm. 1,645cu. mm. 594cu.mm. 66201^ mm. 
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The actual volume of ihis fruit at the close of the experiment 
was approximately 5,200 cu. mm, and its growth had been followed 
for a period of 40 days. It is notable that 111 the earlier sttige m the 
advance of the fruit from 20 to 26 mm. in diameter that while the 
increase of the diameter seems constant yet the actual accession of 
material is veiy^ much greater. Then in further development the 
average increment to the diameter was smaller^ yet the actmd ac¬ 
cession of material was greater. Following this the rate falling 
from 0.8 to 0.3 mm. daily the accession decreases less than half* 

The record of growth of No. 3 shows beyond question the effect 
of transpiration and water loss on growth. As the daily tempera- 
tnres of the fruits rose from 12* C and 14° C. to 26° C. and 28* 
C, acceleration etisiied up to a point where the rise caused a water 
loss over balancing the gain by hydration. Higher teniiperaturcs 
therefore did not facilitate or accelerate growth unless accompanied 
by higli relative humidity. Thus the highest are those of midday 
and afternoon* with fog or showers. This is especially marked on 



Fi& 2. Auxo^raph tracing of ^'ariations in volume of fruic of hybrid 
tohnum. Do upward course of line denotes entargemctit aniptlfied 45 times. 
The scale h nimibcred in niEllimetcrs. Alidday ternperaturei are given. 

the record of September lO. 12 and 13. in which a 50-hour rainy 
period was anticip^ited and followed by high humidity. It was not 
possible to increase the water supply by watering the soil around 
the roots in such manner as to cancel the midday shrinikage or slack¬ 
ening in growth. One especially striking effect is that in which thcr 
rise in temperature consetjueni upon the cessation of the rain from 

PftOC. AMm. PHIL, voo.. LVIII- S, KOV, ?S, ipt^. 
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20 to 25“ C, at 3 P.M. was followed by a lessened rate of growth, 
and on the cloudy days was uniformly high. Similar effects were 
exhibited by a small fruit of a potato in a greenhouse at Tucson in 
May, 191S. 

The water deficit of the stems as measured by swelling includes 
that of the entire structure. The fruits however receive their supply 
through special conduits which sustain only a mechanical relation to 
the other parts of tlte stem which may be active iti its swelling. 
Such non-conducting tissues of course draw their supply from this 
system of conduits also, but it is highly probable that the dispropor¬ 
tion between the water content of the fruit and of the tracts in the 
stem from which it receives its supply is not so great as might be 
indicated by the measurements given. The hydration capacity of 
the fruits would be the resultant of many factors including the 
pentosan-protein ratio, the hydrogen ion concentration, the action of 
salts and the effect of the amino-compounds. 


"w 


» )• i 

ft r* 

- 1 1 

Di Hi 

; 


i. / ! 1 



I 

t 

1 

1 

1 

! 1 

i 


i \ 




.-Id 


<— 


Moreh'flM^ 


r-M ^ 


\\^ 1 


"BE nE k 

1 /X 

C-^^—fi 

E—a—a—Mj 

r 1 1 , 

S 31 S 

1 

n FB 

1 

1 



" —i_J 

1 ^ 

1 1 /S 

i 

, 1 

1 

1 

1 



1 

1 h 

1 I 

\ 

1 ^ 
-— 


1__ 



\ I'-n. \ ; 


Fic, 3, Tracings of auxographic records of during; two 

weeks of srcomlary gra^tb. Downward cour^ of the pen denotes enlarge- 
mctit amplified 45 times. The scale is In centimeters. The shrinkage at night 
is greater In some mstances tlian die enlargement of tlie preceding day. 

The balance between water-loss and the gain by absorption is so 
delicate in the fruits the action of which was mcastired, and m many 
stems that increased Ininndity may be followed by accelerated 
growThj while a rise of ten to fifteen degrees tn air temperature may 
check enlargement by increasing water-loss and it is also taken into 
account that the consequent rise in temperature of the growing stem 
may actually lessen the water-holding capacity of the biocolloids 
which make up living matter. 
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It would be unwise to assume, however, that the general pro¬ 
cedure followed by the walnut, tomato and by some green stems, is 
universal 

Tlic grow^tb of the flat joints of OpmUia whicli were described 
before this Society in April, 1917, presents many features different 
to the above, and some tTacings of the growth record of Opuntia 
d I scat a for three weeks are shown in figure 3, 

Enlargement (denoted by a downward course of the recording 
pen) begins in the morning and continues with the rising tempera¬ 
ture until mid-aftemoon, then slows down and shrinkage sets in 
which continues through the night. Such shrinkage must inevitably 
accompany and result from excessive water-loss* and in confirma¬ 
tion it U found that the cacti show the greatest transpiration at 
night, at which time the acidity rises until it is ten times as great as 
in the daytime. The disintegration of this by light and higher tem¬ 
peratures increases the imbibition capacity of the cells knowTi to be 
high in pentosans and a swelling or growth in the daytime results^ 
producing a grow^th record almost exactly in reverse of that of the 
w'alnut and tomato. 

The rate, course and amount of growth are at all times a re¬ 
sultant of agencies which affect water-loss, hydration capacity, 
respiration and its residues and otiier features of metabolism. 

The procedure in transpiration from the surfaces of a growing 
organ may be such that the maximum loss partly masking growth, 
may for example cKreur in the cacti at night, while it comes in the 
midday period in the commoner types. The swelling or hydration 
capacity of any pbsmatic mass which determines Its capacity for 
growth or enlargement depends in the main on the mucflages or 
pentosans present and Jheir amount relative to the proteins, the 
character of which also affects growth. 

Tlie blocolloids of the plant show" a degree of swelling in water 
greater than that in solutions containing free hydrogen ions* so that 
growth generally is most rapid in cell solutions near the neutral 
point. In modification of this last statement, it is to be pointed out 
that maximum swelling effects may result from the action of some 
of the amino-acids. 

Rises in temperature within the range ordinarily associated with 
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growth may result in lessened swellings or hydrations, a result to 
be connected directly with certain fluctuations in the growth rate. 

Succulent stems, leaves and fruits may show growth in which 
development or age is not accompanied by an increase of relative 
dry weight. In some of these structures, such as the tomato, it is 
possible to analyze the auxographic record and determine the actual 
total accretion of material in any stage of development. The graph 
plotted from such data does not follow the contours of a figure 
plotted from the variations in thickness or diameter, the chief dif¬ 
ference being that the maximum comes at a later period. 


SOME CONS [DERATIONS ON THE BALLISTICS OF A 
GUN OF SEVENTY-FIVE-MILE RANGE.* 

Bv ARTHUR GORDON WEBSTER. Pii.D.p Sc.D., LL.D, 

April Ipl3. Ri'erivcd Ma^ 

On the aflemoon of blanch 23^ 1918^ the civilized world was 
astounded by the news that the Genivans w’ere bombarding^ Paris. 
Inasmuch as it was known that the nearest point at w'hich the Ger¬ 
man lines approached Paris was over seventy miles distant, curiosit)" 
was universal as to how this result was accomplished, and the most 
tinlikely and absurd hypotheses were suggested* 

The wTiter^ among others, w^as asked whether or not the result 
was likely to be due to an aerial Lorpedo. Tlie next day revealed the 
truthp which was^ simply^ that the Germans had really built a gun 
which carried a projectile this hitherto unheard-of distance. 

It has since been determined that the gun is situated in the Forest 
of St. Gobain in the neighborhood of L^on, at a^ distance of about 
120 kilometers or seventy uiiles. 

At this distance the curv^ature of the earth causes one end of such 
a line to be about a half mile below the horizon at the other endp so 
that it is impossible to see the target from the gun or vice versa ; 
there being no mountains of any such height in the whole region^ 
visual aiming would be quite out of the question, 

I wish, first* to call the attention not only to the remarkable bal¬ 
listic achievement of the Germans in so far surpassing previous 
ranges but also to the unique opportunity jwssessed. It is obvious 
that precision of aim at such a distance is well-nigh impossible and 
that the only hope of effecting any damage lies in the possession of 
a very large and valuable target. Little lias been allow-ed to come 
through the cable as to the damage done by these long-range shots> 
but enough has been learned in order to see their terrible potential- 
1 CoRtribytioTi frdtn the BaHislic In-itituEe, Clark University, No. r, 
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ity, I shall remind you by a few lantern slides of the concentration 
of rnotmments of civilization to such a degree as probably exists 
nowhere else in the world* 

The gun was obviously aimed to strike the Cathedral of Notre 
Dame, cathedrals being the German specialty in this war. The 
church in which eighty people were killed on Good Friday is easily 
identified as the church of St. Gervals, w^hich is across the street 
from the Hotel de Ville, the slides of which shown ate taken from 
the top of that church. Other ohjects nearly in the line of the 
are the Louvre^ the Sorbonne, the Pantheon^ the Bon 
Marche (a department store) ; 1 will not fatigue you with others. 

Even if the so-called ellipse of dispersion should be very^ large 
it is easily seen ihat^ if the shot should fall ^ywhere within a 
circle of perhaps tw-enty-hve miles in diameter^ the moral effect 
would be very great. 

The longest previous range used during the %var was about 
twenty-two miles with the gun with Avhith the Germans bombarded 
Dunkirk. In an article in Kaiitre^ !March aS, 1918, which I have 
just seen this morning, my friend Sir George Greeuhilh the author 
of the article on Ballistics in the Encyclopedia Erittanica, says: 

"'In tilt Sanguage of spoiri the Gcmiini gunner has * wiped ilie eye' of our 
artillery experts and defied all the timid preeoiicclved notions of our old- 
fashioned traditions. The Jubilee long-range artillery experiments of jo 
years ago were considered ihe ttf phu uUra of our authorities, and we were 
stopped at that a^ they were declared 01 no military value. Today we have 
the arrears to make up of tho^c years o^ delay, but the Germans watc:bed otir 
experiments with great interest, resumed them where we bad left off and 
carried the idea forward tintil h has culminated today in his latest achieve¬ 
ment of artillery of a enn to fire TB miles and bombard Paris from the 
frontier,” 

The Jubilee gun. referred to, fired a shell weighing 3S0 pounds 
at an elevation of 40" with a runaslc velocity of 2400 feet per 
second, giving a range of 2^,000 yards or I2j4 mites.* 

a it is a sing;iilar coincideiuc that as 1 left my laboratory to attend the 
meeting of the Amcrieaa Philosophical Society I rciaarlcfid to my assistant, 
"Nothing is likely to ' stueer ’ this paper euept the fact that Sir George 
GreenhlU may have calculated the trajectoTy and published it in A'afuM." 
.As I entered the room, the Secretary, Dr. Hays, called iny attention to Sir 
George s paper and 1 was greatly relieved to find that it contained no figures 
of the trajectory. 
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Inasmuch as the only thing that has made possible this great 
ballistic achievement is the taking advantage of the decrease in 
resistance due to the decreasing density of the air in high altitudes, 
it is first necessary to make some assumptions as to the law of 
decrease with the height. 1 have here assumed that the temperature 
is constant, giving the isothermal law of Laplace. I accordingly put 

(I) S = 

where 8„= l,293,2kg,/mcter’, and it is equal to .i25ip ^he altitude y 
being expressed in kilometers. As the shot rises to a height of 
about forty kilometers, or twenty-five miles, this results in a diminu’ 
tion of density of about sixteen times. While it Is true that for the 
upper part of the trajectory the form is practically that of the 
parabola as investigated by Gallileo for the vacuum. It is by no 
means true, as certain discussions that I have seen would seem to 
indicate, that there is a region about two miles high at which the 
effect of the atmosphere suddenly stops. 

The second thing tliat must be known is the so-called ballistic 
cocflicicnt of the projectile, involving its mass and diameter, the 
resistance of the air being supposed to be proportional to the square 
of the diameter while the acceleration is inversely proportional to 
the mass. 

For lack of sufficient information at the time that this paper was 
prepared, it was assumed that the mass of the projectile was 
kilograms and its diameter twenty-two cenitmeters, or eight and 
one half inches. It is also necessary to know the form factor, w*hich 
depends upon the sharpness of the projectile. In the calculations 
made here the number .9, w'hicb is that of old-fashioned, rather 
blunt projectiles, is used. As, however, reports on the shell have 
shown that it is furnished with a long pointed cap of sheet metal, the 
form factor should be considerably reduced. If, however, we take 
a mass of 180 kilograms, or 396.S pounds, the results given here will 
be exact if we assimre a form factor of .54' w’hich is undoubtedly 
much nearer the correct value. Finally, if we assume the mass 
to be 120 kilograms, this will give the same trajectory with a form 
factor of -36, which is smaller than that of any shot with which 1 
am acquainted. 
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The method of calculation b as follows: The first approxiniatton 
hy successive arcs Indicated by Gen. Siacci is used. The distance 
of 120 kilometers is divided into twelve equal parts, and the chord 
is making use of the velocity obtained^ at the end of the 

preceding chord* We mkkc use of the familiar equations ot 
ballistics^ 


(2) 

ds = pdfl. 


ds 

( 3 ) 


(4) 

- V^fp = — i'cos e. 

(5) 

dVr 


in the last of which, which is the only dynamical equation involved, 
we put 


( 6 ) 


vd^ 

g cos & * 


d(v cos ^ 

do 



Instead of differentials we use finite dififerences. The table shows 
the computation required for Curve 2, Fig, 4, 
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The meaning of the symbols is as follows: 
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The number of the chord is denoted by r; the velcscity of the 
projectile is denoted by v; and its jt- component ^ by Vs, The in- 
clinatian of the tangent at the beginning of the arc is St- The drop 
away from the tangent, due to gravity^ which is of the second order 
of smallness with respect to the length of the arc, is denoted by Aj, 
The mean ordinate of a given element is indicated by y. Tlie re¬ 
sistance R is found from the graphicaJ table (Fig^ 2)+ The change 
m the horizontal component of the velocity is the time taken 
lor the project ilc to traverse one arc is AL Dj represents the “ set¬ 
back^' computed from the resistancep representing the amount by 
which the projectile falls short of the assumed horizontal distance 
owing to the resisEance of the air. The height reached at the end 
of the arc is 

y=(*r— Df) tanfl—Aj, 

The most important thing in a ballistic calculation is the knowl¬ 
edge of the ballistic^ or rcsistancCp function f(v)u We have here 
made use of the famous result of the greatest of recent ballisticians. 



General Siaodp m his papers in the di Arti^Ueria e Geiih 

(1896), from which it appears from the results of thousands of 
shots made by Bash forth in England, Mayevski in Russia (shots 
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made at Kmpp's), Hojel in Holbnd, and Krupp in Getniatiy, that 
for velodt!e$ of over 300 meters per second the law is represented 
with great exactness by a straight line. Although experimental re¬ 
sults do not go above velocities of 1,200 meters/sec,, I have felt no 
hesitation in extrapolating for such values as are here used. In 
Fig, I are sho™, in Curve 1, the values given by Siacci. In Curve 
2 , the values of the function K(v)=f{v)/z^\ and in Cur\^e 3 the 
values of K(z/} as given by Knipp. It Is only fair to say that the 
results of the French Commission dc Gavre more nearly resemble 
Curve 3 than Curve l. 

The use of the linear law (originally suggested by Chapel) has 
been recommended by the Comte de Sparre in a paper published in 
1901, 



Flo. 2. 

In order to expedite matters, a graphical chart was prepared 
(Fig. with abscissas denoting the velocity in meters per second, 
containing straight lines and inclinations proportional to the densi¬ 
ties of the air at different heights. On the right Is a scale giving 
the height above the earth and by follow ing the line corresponding 
the resistance R is read off on the scale at the left. 
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The equations used are as follows: 


(7) 


(8) 

APj “ 

( 9 ) 

Ax 

t/ 

(10) 

1 

II 

(II) 

v/ — Ai','"_ 

(12) 

Av-At 

cos ffr+I ~ 


The calculation is made as follows; An arbitrary \'a 1 ue of x is 
selected, the drop Ay is calculated from {7), the change in angle 
from (lo)j the “set-back” from (12), and, finally, the corrected 
value of y correaponding to the given x-Ds is obtained. One row 
of values is obtained for each element of the trajectory. 



Fio. 3. 

Fig. 3 shows the details of the graphical method. After the 
chords arc drawn by means of a flexible ruler, the trajectory is 
drawn through the vertices of the polygon constructecL 

In Fig. 4 are shown some of the most striking results. The 
heavy blade curve shows the surface of the earth and the change of 
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range, amotinting to about a mile, that it would cause (inflecting 
the conversions of the verticals}« 

The method of choosing was frankly one of guessing. At first, 
an angle of departure of 45° was assumed with an tnitial velocity 
of t,3oo inetcrs/sec. This gave Cuiv'c l. The angle of departure 
was then increased to 52^, which |^ve Curv'e 2, with a range of i20 
kilometers. In order to show the enormous effect of the resistance 



of the air. No. 4 is drawn showing the parabolic or vacuum trajec¬ 
tory, livith a range of 1/44. and, finally. No. 3, on the assumption 
that the air has the constant density found at the surface of the 
earth. Further, the trajectory that we should have in case the deii’ 
sity had the constant value, taken at a height two thirds of the 
maximum, as suggested by Colonel Ingalls for shots nearer the sur- 
face of the earth, was calculated. The range obtained w^as ap* 
proximately 56 kilometers, quite different from the correct value of 
Curve I, 

NoU, May s, /p/p,—The foregoing paper, which was read over 
a year ago. has, of course, lost the timeliness that it had at that mo¬ 
ment, In fact, I have been advised by a high ballistic authority not 
to publish it, as such calculations arc now' *' a matter of routine,*' 
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To this I replied, tliafc, although they may be now, they were 
not VI hen I read the paper, and even now are not so in the Navy. 
In fact, when I inquired of a high naval anthoTity how long it would 
take to calculate such a trajectory, he replied, “ About two days." 
I $aid that we did it with tvro men in an hour. 

Since then far better methods have been developed, but as I have 
seen only one publication of a trajectoryi viz., by Major J. Maitland- 
Addison, E. A. {Journal &f the Royal Artillery^ VoL XLV^, No. 4), 
which confirms my results, I publish the paper as read, in the inter¬ 
est of the history of the matter, regretting that more pressing mat¬ 
ters have so delayed the publication. 


OK A NEW (?) METHOD IN EXTERIOR BALLISTICS.^ 


Ev A. G. WEBSTER and MILDRED ALLEN, 

(Rtad jo, iplS. R^^^cHied Juh€ 4, 

Whether the method to be described deserves to be eaLLed new 
or not is a matter of opinion, since the instrument here used was 
designed and built by one of us twenty-eight years ago, and has 
been described in an article in the Physk^ Review^ Volutne 6, May- 
June, 1896, The method of measuring time by means of the charg¬ 
ing or discharging of a condenser has been used by Pouillct* and has 
been applied to ballistics by Cranz in Germany and Sabine in Eng¬ 
land. but so far as we know the electrometer has not been applied 
to ballistics. 

The essential part of the instrument for measuring the time is 
shown in Fig, I. A projectile drops from an electromagnet upon 
the two levers shown in the middle, the one on the right being car¬ 
ried on a carriage adjustable by means of a micrometer screw. By 
knowing the height through which the projecttle falls, the velocity 
of the projectile on striking the lever is known. 

The arrangement of the apparatus is shown in Fig. 2, The 
battery charges the condenser through a resistance, the condenser 
being short-circuited through conductor (o, 6), which in the calibra¬ 
tion is the left hand lever of the drop interrupter, Wlteu the circuit 
is broken the condenser begins to charge in accordance with the 
equation 

q = ff»(i — e 

A curve of calibration is shown in Fig- 3, by which it appears 
that times may be measured of the order of one-millionth of a 
second, 

lit the halJistic appitcatioo (a, b) and (c, d) are two strips of tin 
foil stretched tightly between the brass supports. These are shot 

1 Contributien from the Ballistic Institute. Clark Unirerstty, Hot 3. 
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away by a bullet. It is possible to tn^iire the velocity of a bullet 
when the strips of tin foil are an tnch apartp but in general a dis^ 
tancc of two or three feet is conveniently taken. This may he con¬ 
trasted with the distance pf one hundred or one hundred and fifty 
feet generally used in ballistic laboratories of arms companies. 

The table of results is given both for a small saloon rifle and 
for a u44 calibre gun. It is not claimed that this method ivould be 
of great use in the open, but in a laboratory it is certainly a very 
great convenience. 
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CHAJtACTERS AND RESTORATION OF THE SAUROPOD 
GENUS CAMARASAURUS COPE," 

From Type Material in the Core Collection in the Ameihcan 
Museum of Natural History, 

(Platc L) 

By henry FAIRFIELD OSBORN CHARLES CRAIG MOOKL 

In 1902 the Cope Collection of Fossil Reptiles was presented to 
The American Museum of Natural History by President Morris K. 
Jesup. it included all of Cope*s ^'pes and other dinosaur material of 
Morrison age from the vicinity' of Canyon Cityp Colorado. Several 
of these t^'pes antedated in definilion Marsh's types from beds of 
similar age. Cope's references were full but accompanied by few 
figures; Marsh's came later and were adequately illustrated. Marsh 
also issued in the publications of the United States Geological Sur¬ 
vey tivo more or less complete summaries of the characters of these 
animatsp which were fully illustrated and widely distributed. Conse¬ 
quently they became well established in the literature, while Cope's 
are still unrecognized and imperfectly known. Our object has been 
to describe and determine as fully as possible Cope's types^ especially 
of the Saiiropoda, the most important of which is that of Co^wurfl- 
S{itiru£. This gctieric name antedates Mor&^anrus Marsh, with 
which it is considered congeneric, by about one year. 

The fugitive descriptions and determinations by Cope, Osborn, 
Riggs and Mook may now^ be replaced by thorough descriptions and 
illustrations, in which the characters of the genus Cutnarasaunts^ are 
determined in great detail, so far as the nature of the material will 
permit. All the type material, including the types of six genera and 
eleven species, has been figured and these animals, praclically un- 
kncFwn since their original mention forfy years ago, have now been 
brought to light. 

’ Partly printrd in the Proceedings oI the Paliontolopcal Society, Bul¬ 
letin of the Gcolojjica! Society af Amerifx 
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Occurrence and Collecting of Material. 

Ori{^inal Discovery attd In the spring of 1S77 Mr, 

O. \V. Lucasp superintendent of public schools in Canyon City^ Colo¬ 
rado, discovered some large fossil bones, which he sent to Professor 
Edward D. Cope^ The date of this discovery is not definitely known^ 
but it appears to have been some time in March. From the first 
specimens which reached the Cope i^Iuseum in Philadelphia, Cope 
made his original description of Camorosaurjis and founded the 
genus; this description was published August 23, 1877. The name 
CaimrasauruSf or chambered saurian/^ was given in reference to 
the cavernous nature of the centra of the cervical and dorsal ver¬ 
tebra, in conneclion with the Lateral cavities now known as pi euro- 
ccelia. After receiving the original b^nes. Cope employed collectors 
who gathered more material, all of which is now in the American 
Museum. 

Subsequent CQllfding .—The amount of material collected by 
Cope's parties was very large. It was not all prepared at once, but a 
considerable amount of it was cleaned tip by Jacob Geismar under 
Professor Cope's direction. In 1S77 a reconstruction of the skeleton 
of Camorasaurus was made by Dr« John A. Ryder, under the direc¬ 
tion of Professor Cope, Tliis reconstruction, the first ever made of 
a sauropod dinosaur, was natural stae and embodied representations 
of the remains of a number of individuals; it was over fifty feet In 
length. It was exhibited at a meeting of The American Philosophical 
Society on December 2 t^ i&77± since has been exhibited a num¬ 
ber of times at the American Mtisetim {where it is now preserved) 
and elsewdiere. A greatly reduced copy of k was published by Mook 
m 1914-“ 

After the collecting of the material w'hich formed the basis of the 
above-mentioned reeonstructionp Cope's collectors sent in more ma¬ 
terial. This collecting w^as continued until iSSo. 

The Quarries .—^Unfortunately the quarry records of the Cope 
Canyon City material haveljcen lost; no quarry diagrams are men¬ 
tioned in any of Copers description and it is unlikely that any w ere 

Notes on CifMPorojcrMmj Cope^ thy Qiartcs C. Mook, New York 
Acad. Sci, Vo!. XXtV.. pp. 19-22. May 21, 1914, 1 fig. 
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made* Two large quarries ate known to have existed and their loca¬ 
tion is known at the present time. 

One large quarry is situated about 500 yards west to southwest 
of a small conical hilh locally known as the Nipple/^ a considerable 
distance from the edge of the escarpment. This quarry is called 
Cope Quarry No. 1. flere the ^lorrison is capped by the Purgatoirc 
sandstone and the quarry site is very definitely marked by a great 
excavation. The matrix is chiefly reddish to brow^ni&h* and probably 
most of the bones of a reddish color^ collectively knovrn as the red 
series, came from this quarry. 

Another quarry Is situated almost at the crest of the escarpment 
Which forms the west boundary of Garden Park, and near the base 
of the “ Nipple." It is not very definitely marked* but traces of the 
work of excavation by Cope's collectors and others mark Its site. This 
quariy' is called Cope Quarry No. 2, The matrix is largely grayish 
and it is likely that It furnished niosE of the bones which are knowm 
collectively as the yellow' series^ although this is not certain. Some 
of the matrix is neither gray nor yellowy and it is possible that cer¬ 
tain of the yellow bones may have come from the other quarry. The 
value, therefore^ of the color of the matrix, in determining the field 
association of the bones, is limited. Variation in color depends upon 
the condition of the iron oxide of the matrix, and probably also upon 
the original conditions of decay of the anln^I tissue. The quarry 
was reworked byMr. J. B. Hatcher for the Carnegie Museum in 1901. 

There may have been one more quarry in this vicinity which per¬ 
haps furnished some of the sauropctd material, bui the nature and 
the location of it are not known; indeed, the types of Ampkic^cHas 
altns and A. htiis may have come from this quarry , about which no 
reliable information is available. All three quarries are located a 
short distance north o! the quarry worked by Mr. M, P, Felch, later 
known as the Marsh-Hatcher quarry, which yielded the genotypes 
Diplodocus ioftgns Marsh and HaphfatiikQsmru^^ priscus Hatcher, 
also Pf. uit^backi Hatcher, The Marsh—Hatcher quarry was ex¬ 
cavated at a lower geologist! level than the Cope quarries. 
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PREi'AJlATlON ASH RESEARCH IN THE AMERICAN MuSEL’ 31 . 

Acqaisition .—The Cope Collection gf Fossil Reptiles had been 
examined in Philadelphia by Dr. W. D. Matthew and was trans¬ 
ferred to the Airierican Museum under his direction. The preparation 
of the material was made by Messrs. Kaison, Charles and Otto 
Falkenbach, Lan^, Christman, Hoover, Bruckner, Carr and Horne. 

Research in ipoq .—^Doctor Matthew w^ent over the material, 
under the direction of Professor Osborn, and catalogued and iden^- 
tilled it so far as was possible with the aid of the records available^ 
distinguishing the material obtained in the earlier collecting in 1877 
by Superintendent Lucas from that obtained in the later collecting in 
iSSo under Mr. Ira. H. Lucas. The bones of the earlier collection 
were given the number 5760, w ith variations according to their iden- 
tificatfon as individuals* such as 5760" and 5760'^ the bones of the 
later collection were given the number 5761, with a modification 
into 5761-a lor ti presttmab!)' different individual than the rest of 
5761. SubsecpieniTy Professor Osborn and Professor \V. K. Gregory 
made a further study of the vcrfcchrse and arranged them provision¬ 
ally into series* using in addition to the previous records the color of 
the bones, those of the red series apparently having come from a dif¬ 
ferent quarry than those of the yelloiv series. Most, if not all, of the 
ted bones probably came from Cope Quarry No. i, and most, if not 
all, of the yellow* from Cope Quarry' No. 2. 

In connection with this work, which was carried on in 1904, Mr. 
Rudolph Weber* then artist of the Department of V^ertebrate Palffon- 
tolqg)', made line drawings of many of ihe^vortebrse. In 1906 some 
wash drawings of the skull material were made by Mr. Erwin S. 
Christman. These illustrations were originally prepared for the 
United States Geological Survey ilonograph on the Sauropoda, in 
course of preparation by Professor Osborn^ The cost of preparation 
of these draw ings was borne by the Survey. 

Research in —In rprs work on the Cope Sauropoda 

material was renewed as part of the preparation of the Sauropoda 
J^Ionograph, which was being prepared for the Survey by Professor 
Osborn. ITiis i^vork was undertaken by the present junior author 
under the direction of the senior author. The entire Cope Collection 
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of Satiropoda from Canyon City studied* amoug other material: 
with the object of separating the vertebrae and limb bones referable 
to CamarasaumSj Amphicitlms and the other Cope generap and ar¬ 
ranging them in series simiiar in jfse, proportion 07 id oohr, as %vell 
as determining the characters of Ca?narttffl«nfj and A}npkica:!{ii$ 
and the less known genera. To a considerable extent l^is work con¬ 
sisted in verification of the previous work by Doctor Matthew and 
Professor GregorVp in modification of their results, in a few cases* 
and in adding to them to meet the present needs. 

This research has terminated in the arrangciiicnt of the vertebras 
and ribs in morphohgkal which may represent originally dis¬ 

tinct individuals, or may not. The attempt was made to associate 
the bones of single individuab so far as practicable^ but in many 
eases evidence for this was insufficient and in such cases an attempt 
was made to assemble series that would be reasonably constituted in 
a morphological sense. The arrangement of the bones in these series 
is as accurate as it could be made, in view^ of the distorted, sometimes 
incomplete and badly mixed character of the material. The pairing 
of the girdle and limb bones was similarly undertaken;, though no 
attempt was made to pair the ribs. In a few cases it has been pos¬ 
sible to determine the relation of some of the gtrdk and limb bones 
with the vertebrae, but in most cases the original association is still 
unknown, though their possible association h very evident. 

Carnivorous Dinosaur Material and Types. —The type of £poff* 
terias ainplexHS consists of bones of a large theropod. There are 
some ribs arttong those of which certainly do not agree 

in characters wfith the majority of eaniarasaur ribSp and do resemble 
those of the Theropoda. There is also a theropodous femur. They 
may be provisionally referred to this form. It is possible^ if not 
probable, ihac the types of Tichosteus and T. ^quifacks^ 

also of Syinphyrophm muscnlosns, may be referable to die The- 
ropoda. Cope's types of Luiaps trihedrodon, Broihyrophus (dtar- 
kansonus and Hypsirophus disenrus were also collected at this local¬ 
ity. The first pf these ts certainly a theropod: the position of the 
second and of the third is uncertain. 

Characters of the Caniorasaurus. —The results of the in¬ 

vestigations described above include determinations of the generic 
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characters of Camcrasaarns snd Aml^hk^HoSj so far as these char¬ 
acters arc determinable from the material in the collectioii. The 
genus Camarofanrus is characterised by ntassivc proportions. 
Throughout the skeleton, with the single exception of the isclilum, 
the bones arc stoutly constructed. 

Synonymy of Comarasaunis Cope and Morosaums Mar^h ,—In 
1898 the synonymy of Morasanrus Marsh with C^imarasaums Cope 
w'as Suggested by O&bom in this view^ was favored by^ Riggs 
in 1914 it was definitely adopted by Mook.“ At present Marosanrus 
is eonsideted to be a symonym of C(ifW£jrnLmiirMj, Cope's term having 
priority and therefore being valid. 

Characters of the Gcfuis Amphicirlias.^Amphicccltas is more 
slender than CffJwaroJaifrnJ?; its rcmajiis resemble those ol Diph^ 
dacuSj, but are somevrhat larger than any known DiplodocuSj, and are 
somewhat more strongly constructed. 

Restoration and R^coNsmuenoN of Camarasaurus. 

Ryder's Restorations.—It would be hardly justice to the'very able 
comparative anatomist, Dr. John A. Ryder, to publish, without ex- 
planation, hts reconstruction (Fig, 1)* roughly drawm, life size, and 
exhibited before The American Philosophical Society December 21, 
1S77. 

The reconstruction tvas obviously made after one series of bones 
was exposed, but before Professor Cope had had time to give them 
much study. It would not appear that Professor Cope himself 
seriously studied the reconstruction, from the fake arrangement of 
Che teeth on the malar jugal arch, and from the placing of consoli¬ 
dated spines like those of the sacrum opposite the massive scapula. 
Tw'elve to thirteen vertebra are consigned to the neck, close to the 

s Additional Characters of the Great Herbivorous Dinosaur Camara- 
sauTvsf Henry Fairheki Osbom, BuU. *-ifnrr. VoL X-+ Art- 

siip June 4, pp. 

The Fort Lt-g and Pectoral Girdle of Moro^ournj; w'eiJi a Note on the 
Genus Camarosaurus** Elmer S. Riggs, FiV/rf CoL dj, GeoL Ser., 

VoL 1 ., No. 10, pp. S? 5 - 20 i, Fh. XL., XLI., XLIL, October, 

* “ Notes nn Camnnysounn Cope,” Charles C, Mook, Neyr Vurk 
Acad. 5 W.. Vol XXIV., pp. 19^2^;. May 21, 1914, 1 fig. 
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trut numben Eighteen vertebrae are consigned to the baek^ eight 
loo many. Fifty-seven vertebrae are consigned to the tail* not far 
from the correct number. A complete set of claws Is consigned to 
both the fore and the hind feet. 

Still Unknown Pahts of Camarasaurus. 

I. In the accompanying restorations and rcccmsi met ions of €a- 
inarosmims It ss observ^ed that our knowledge of this animal is still 
very incomplete regarding the struaure of the pes, the foot bones 
being based on our knowledge of the pcs of ApBto^Qtints or Brotito- 
sauriis. 

It is also unknown or uncertain whether these animals pos¬ 
sessed a set of abdominal ribs. One rib has been found w'hich may 
possibly represent a member of the abdominal rib series. 



Fic. a. Restoration of external appearaiicc of CdpprcjrajflMJTW. Pbo^ 
tograph of & model of CamariijoHrus fnade under the direction of ProL W. 
K. CreEory hy E. S. Christtnan with the cooperation of the authors. 
This model i& the result of very careful comparison of the C'crma/'iJjaMriiJ 
^eleton with previous sauropod modeb and with various living reptiles* it 
embodies extensive myolo^ical studies by Profesjor Gregory, and a thorough 
analysis of the eharacters of the skeleton. 

3 - ITie vertebral formula is still uncertain^ although it is probable 
that the number w^as as foUow^s: cer\^icals 13 [ rib-bearing dor^ls 10, 
dorsosacral l; consoltdated primary sacrals 3; caudosacral 1; 
caudals 53. 
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PRESENT Reconstructions and Restorations. 

The accompariyiiig ilLiistrations represent both a reconsiructi&n 
and a reslorationj based upon the topot>'pe materials of four or more 
individuals of Tlie skull characters are partly based 

upon the CpiHoroJaKnij topotypc skull bones and largely upon the 
nearly complete skull ori^nally referred lo Morasanrtis by Osborn j 
it is probable but not certain that this reference is correct. 

It is veiy important to note that the four chief skeletons and two 
of the remaining skeletons are of approximately the same linear 
measnremetUSj, but differ slightly in proportions. 

Chief Proportions of the Skeleton. 

Ip The and clet^aiwn of the shoidder above the rela¬ 

tively depressed and reduced sacropelvic region is one of the most 
surprising features of this reconstruction. This proportion cannot 
be considered as actually demonstrated^ because only two complete 
ilia were found with the four skeletons^ and they belong to the same 
individuaL It is possible that these ilia and other bones of the pelvis 
represent another individual than those individuals represented by 
the massive scapuiocoracoid bones. The other pubes and ischta are 
of the same size as in the pelvis figured in the resEoration. 

This makes the highesE point in the backbone between the shoul¬ 
ders, as contrasted with the previous restorations of Brontosaurus 
and Diplod OCHS by Osborn, in which the pelvic region is made the 
high point. Recent studies of Apaiosaunts by Osborn and Gregory 
make the shoulders higher than the sacrum. 

2. The neck is rather massive and the neck and shoulders bore 
the chief weight. The heaviest portion of the chest was at the fourth 
ribp where the relatively immobile hyposphen-hypantrum articulation 
of the dorsal vertebra begins. 

3. As shown in the articulated skeleton (Fig, 3) the total length 
and height of the animal, wdth the spinal cunatures and in the walk¬ 
ing pose, were as follows: 

Elevation of the head above the ground .. 20 to aa feet 

Total jength from the tront of the head to the tip uf the tail .. 50 td 52 feet 
Height df the backbone at the shoulder ..._............ n td IJ. feet 




SAUROPOD GENUS CAMARASAURUS. 


395 



Fto. 3 . Three poses of CoKHara^owrsj. watklng pose^ head cSevated, 
walking pose, head and nede horizontal ginourttl-feeding po-:c^ head 
depressed. These photographs are made from drawings in which every hoi\t 
is figured separately to a one-fifth scale and fastened upon a black hatk- 
ground. This articulated drawing is successively placed in thrtt poseSr 
B and each pholagraphed in turn. In the restoration and rcconstnictjon 
the structure and arrangctnenl Vf the phabnges of the feel are purely con¬ 
jectural. The head of the animal attains a height of a> feel {A}. The 
mixiinuTn length in the extended position (5) is 52 feet Length of back¬ 
bone, witJiouE curvature, between 54 a^id 35 feet. 














39G 


OSBORX AND MOOK-CAMARASAURtlS, 


4. The head of tlie Sauropoda, as pointed out by Dr, \\\ J, Hol- 
bnd, lias been niistakenLy represented as parallel with the long axis 
of the neefc^ whereas it shoidd be or at an angle with the nedc. 

In this respect our restoration gives a somewhat misleading ifinpres- 
sion, as the head should be bent down as in PL I, C, 

Comparison with Other Sauropoda» 

As compared with the two other Sauropoda, in which the skele¬ 
ton is noiv fully known^ namelyp DtptQdocus and Apalasaunts^ Ca- 
wjflrajfisnrirj b relatively the most massivep the most elevated at the 
shoulder, the most elongated over all and the most ponderous in its 
proportions. It was apparently not provided with the ivhip-like 
terminal tail vertebra? so characteristic of and Dlph- 

doens; the vertebrse steadily lessen in longitudinal diameter and 
would indicate that the tail came to a rather abrupt points 

External Appearance of Camarasaurus. 

The external appearance of the head is shown in PI I, The 
head ts extremely short and deep in its proportions, contrasting with 
the elongate head of Difflodocus. The animal as a whole is sketched 
in Fig. 2. This represents an animal terrestrial in gait but adapted 
to an amphibious Ufe> with smooth rounded limbs. 
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Plate 1 



Three studies uf head of Cdjfmrtfjinirifj. --J, head extended aud bent up¬ 
wards. Bt nett flexed and iteati bent dc^wnwardi. C, ncct flexed and lit ad. benl 
straiigly downwards to show Rroynd-feeding pose and to expose the teeth. 
The bead of is exlrcmely slaprt and deep. The nostrils and 

eyes are elevated. The tympanum leaxes a space behind the (quadrates. 









TROGLOGLANIS^ PATTERSONI A NEW BLIND FISH 
FROM SAN ANTONIO. TEXAS 

By carl H. ETGEXMANN. 

{Rigad Ott&btr j, 1919^) 

. Professor J. T. Patterson, of the University of Texas, has sc^ 
cured a specimen of a sniall blind catfish from an artesian well in 
San Antonio, Texas, belonging to Mr. George W. Bracicenridge. 
Pending the securing of other material the following facts may be of 
interest. 

The specimen is without pigment. There is no external evidence 
of any vestige of an eye- It has a total length of S5 Other and 

larger specimens w'ere emitted but not preserved. 

The occurrence of blind fislies tn Texas was predtcable. There 
are large springs, the outlets of underground fivers in the same 
region and artesian ^velts tap the subterranean waters in various 
places about San Marcos and San Antonio. The flow of the artesian 
w^ell of the Bureau of Fisheries at San Marcos show's that the under¬ 
ground waters have an abundant cave fauna. From this w'ell and 
some neighboring caves I secured twenty (ao) species of inverte¬ 
brates and the b^ind salamander lyphtamolge in less than a week's 
stay. The surprise therefore is not that cave fishes have been secured 
from the underground rivers, but that they have not been found 
before. It is more of a surprise that the fish should be a catfish 
rather than a member pf the blind-fish family of AmblyopsidiC^ found 
in Tennessee, Arkansas and northward. 

However, the occurrence of blind cal fishes somewhere in the 
Mississippi tiasin w:as also predicable. Some of the catfishes are 
nocturnal in habit and live in crevices, under rocks, stumps and such, 
and detect their food by means of touch and taste organs scattered 

1 Tp4J7XTf, 4= cave; 4=?c^tfiitip ariginally from Glani^. the name 

qjf a river. 

3 Coniribution fram the Zoological Laborator>' of Indiana UniverMty. 
No. 167* 
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over their entire body and espectally over their barbels. All of these 
facts predispose toward a cave existence, and various catfishes have 
become blind in diiferent parts of the %vor]d. 1 have found normal- 
eyed cathshes in the caves of both Indiana and Kentucky, Cope 
secured blind catfishes, dark in color, Grotras tiigrilabris from east¬ 
ern Pennsylvania. I have recently called attention to Typkiobagnts 
fcrotiei Ribeiro’’ from the Cavernas das Areiras, Iporanga, Sao Paulo, 
Brazil and more recently to Phreatobinx cisternarum Goeldi,* the 
blind catBsh living on the Island of Marajo. These belong to the 
Pimelodinx, a subfamily of catfishes not found in North America, 



Fig, j. Trojiifiiftanij Pallertotti Ei^entnaiiti. TiTie. 


Croiitoj from eastern Pennsylvania! is without ques¬ 

tion a derivative of the universally distributed Atneiums of the east¬ 
ern and central United States, Pyphtobsgi^its, from southeastern 
Brazil, is derived from Piinetoddla, a genus widely distributed in 
South America, a member of the Pimelodin®, Phrcalobius is more 
remotely related to Heptaptentx, another but verj’ different member 
of the Pimetodinae. 

The new Texan blind fish, judging by the position of its dorsal 
and ventral fins, as well as by its adipose fin, is derived from a fish- 
like Sdiilbeodes, a genus of catfishes with nearly a dozen species, 
generally distributed from the St. Lawrence to Texas. Schilbeodes 

^ifenioirf Carttesii! iltnjfmii. VII., p. 255. Piatc XXXIV April tot? 

• L. f.. p. 373; Plate LVI., t9ia 
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jiQciunms has been found In the springs {mouth of the undergTonnd 
river) at San Marcos and at various other places in Texas and is the 
only species of the genus recorded from Texas. Schilbeodes noc- 
iurnui is, howeverp not closely related to Itie blind catfish living Lo 
the undergrotmd rivers of the same region. 

I have called attention to the fact that the species living in the 
caves of the south are more intimately adapted to their subterranean 
home than those of the north. The e^-es of the Texan Typhlomaige 
are more degenerate than those of tlie salamanders of Missouri. 
Tudging from external appeaTance the eyes of the Texan Tr^^glo^ 
ghfiis are more degenerate than those of any of the blind fishes from 
farther north. The technical description of Tn^gloglams: foDows: 



Fig. a. Outlines of the head as seen from above. 

Head similar to that of a tadpole, a$ broad as long; mouth in¬ 
ferior^ teeth?; adipose fin long and low, rounded posteriorly, con¬ 
nected at its base with the accessory caudal rays; no external evi¬ 
dence of eyes; distance between origin of dorsal and tip of snout 
half as great as origin of dorsal from the end of the adipose; dis¬ 
tance between snout and origin of ventrals 1^4 iu the distance between 
origin of ventrals and base of middle caudal rays; pectoral spine 
strong and pointed, about two thirds as long as the longest ray, about 
equal to the length of the head behind the posterior uareSp smooth in 
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from* its posterior margin with seven straight teeth* less than half 
the width of the spine; caudal truncate^ with numerous accessory 
rays; dorsal spine equal to the pectoral spine; base of adipose fin 
equal to the predorsal area; anal but slightly rounded, its highest ray 
equal to the length of the head. Nasal barbel reaching very nearly 
to end of operclts maxillary barbel to the pectoral spine, mental bar¬ 
bels a little beyond the edge of the gill-opening. 

Head 44 in the length; depth 6; D. L 7; A. 14; P. L 9; V. 8. 

The specimen was collected by Mr, G+ W, Erackenridge of San 
AntoniOp Texas, Mr^ Brackenridge gave the specimen to Professor 
Patterson who sent it to the author for determination. It is cata¬ 
logued as No* 15240 Indiana University Museum. 


POLARIZED UGHT IN THE STUDY OF ORES AND 

METALS.» 

Bv FRED* EL WRIGHT. 

{Read April 14, /p//.) 

The measurement of the optica! properties of transparent min- 

erals, even in minute, irregular grains, is a simple task with modem 
petrog^phic microscope methods and Is accomplished hy petrolo 
gists as part of ordinary routine work. But the determination of 
the optical constants of opdc[ue substances is difficult and is rarely 
attempted by microscopisU; aU observations are necessarily made in 
reflected light and are restricted commonly to the determination of 
color, of the character of cr^^stallization, and of the bohavior of the 
mineral or metal plate toward reagents and abrasives. It is gen¬ 
erally recognised that if methods were available by means of which 
the optica] constants of opaque substances in fine particles could be 
readily ascertained these methods would be of great value not only 
to students of ores and opaque minerals, but especially to metaJ- 

I The rnanuscript of this paper was finished in March, 1917, and Is here 
presetiLcd without alteiataeti. A brief rcsunnc pf the results of the In ve-stiga' 
tieu was Riven at the mectiiLR of the American Philosophical Sociely in April, 
1917^ With our entrance into the the writer joined the Army, and the 
publi cation of this paper was aecordinRly postponed. 

In the theoretical section of thi$ paper certain standard equations are 
derived and expressed in Cartc^ii^n coordinates. The expressipns would have 
been much simpler and shorter had the method^ of vector analysis been em* 
plo>‘etl; blit this was oqt done and the eqiiatiorts are developed in the usual 
DOtaijon in order that thc>' may be easily accessible to the reader interested 
m this parttcular subject ^lany of the problems of crystal oplics are, how- 
ci^er, essentially vectorial in character and yield most readily, aj do many 
problems jn electricity' (altemalinR currents, wireless telegraphy), to treat- 
ment by vector analysis. In vector analysis the imaginary quantity 1 ■= 
is treated simply as an operator rotaiiiiR a vector ihrough gtf. This greatly 
simplifies the interpretation of etipations containing complex quantities. An 
interpretation of this kind of many of the equations ih the present paper 
would undoubtedly render them more intelligible, hut this would have greaity 
increased the length of the paper and was accordingly not attempted. 

?aOC. AMlft. P«!l^ SOC* VOt. LVfll, E, JA^, Jl, Iflio 
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lographers in the study of metal alloys. Unfortunately the explana¬ 
tion of the phenomena presented by opaque bodies is somewhat in¬ 
volved and the experimental measurement of the optical constants of 
such substances is encumbered with difficulties which, in many cases, 
allow only approximate results to be obtained at best. In view of 
these facts it has seemed to the waiter that a useful purpose may be 
served by a critical discussion, ba,sed on the commonly accepted ver¬ 
sion of the electromagnetic theory of light for absorbing bodies, not 
only of the phenomena which might be of value for diagnostic pur¬ 
poses, but also of the factors underlying the several methods, old 
and new, which may be applied to the measurement of the few deter¬ 
minable optical properties of opaque bodies, A proper appreciation 
of the possibilities and also of the limitations of the application of 
polarized light to the study of opaque substances can only be had by 
a proper understanding of the fundamental principles involved and 
of their relative significance in practical diagnosis. 

In the theoretical treatment of the general problem emphasis will 
be placed on the phenomena resulting on perpendicular reflection 
(angle of incidence = 0), because most metallographic observations 
with the microscope arc made under conditions of vertical illumina¬ 
tion. The attempt will be made to present the fundamentals of the 
subject and to indicate the mode of derivation of the equations re¬ 
quired, Although several new relations are given, the treatment as a 
whole is necessarily along lines which liavc been followed by others. 
In the pre|>aration of the section on theor>' the following books and 
articles have been specially consulted: P. Drude in Winkelmann’s 
"Handbuch der Physik,” Vol. VI, and in Aiinalen der Pliysik; 
“Lehrbuch der Optik," by P, Drude; “Lehrbuch der Kristall- 
physik,” by F. Pockels; " Physical Optics,” by A, Schuster; “ The 
Analytical Tlicory of Light,” by J. Walker; aud ” Physical Optics,” 
by K. W. Wood. 

The results of the investigation may be summariacd by stating 
that in general the optical constants, such as*refractive indices and 
absorption indices, cannot be satisfactorily ascertained on small pol¬ 
ished random sections; that the application of polarized light en¬ 
ables the observer ordinarily to determine whether the crystal plate 

Isotropic or anisotropic and also to ascertain the degree of an iso- 
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tropism; th^t for this detcmii nation methods based either on the 
contrast in intensit)’' of the two reflected components or on the 
amount of rotation of the plane of polarization on reflection of the 
incident plane-polarized light may be employed i that methods based 
on the pliase difference between the two reflected components are 
in general of little value because of the small differences in phase 
which ordinarily result for a relatively large change in birefringence 
or biabsorption. 

Several new methods are described for detecting anisotropism in 
opaque substances; of thesCp that requiring the use of the bi-quart z- 
wedge-pkte is the simplest and has been found in practice to bo 
superior to any heretofore suggested. 

THEOItETICAL. 

Light waves on passing through homogeneous material are ab¬ 
sorbed to a greater or less degree. In transparent media the amount 
of absorption (in the visible spectrum) is relatively slight and can 
be neglected for most purposes; hut in absorbing media there is an 
appreciable weakening in intensity even in thin platesp whidi gives 
rise to the phenomena of absorption. No body is, bowever^ per¬ 
fectly opaque (perfect absorber) or perfectly transparent, and the 
terms transparent and absorbing are relative terms which express, 
in a general way^ the degree of absorption in the visible spectrum. 
The conditions may. of course^ be reversed in the infra-red or ultra¬ 
violet. The experimental law of absorption, as expressed by Lam¬ 
bert, states that in a homogeneous medium each layer of equal thick¬ 
ness absorbs an equal frachon of the light transmitted; if the layers 
be considered to be one molecule deep, as in some crystalSp then each 
layer absorbs the same percentage of the light which passes through 
it. In other words, for a layer of given thickness the intensity of 
light transmitted (total light less absorbed light) is proportional to 
the intensity of the incident light or 

^=L I = (i) 

where /* = Intensity of Incident light, /, intensity of transmitted 
light ,!. thickness of layer, and iw, the absorption modulus (i,e,, the 
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density of a layer of unit thickness*) ; since the intensity varies with 
the square of the amplitude of vibration of the transmitted light, the 
equation is valid 

A = Ate~^ ^ • ( 2 ) 


in which j 4 g h the ampHtiide in A, amplitude in the medium 

after passage through thickness X, wave-length in material, 
wave-length in crariin* the absorption coefficient, the absorption 
index. But 


^ L 

A^ ^ I, 



{ 2 a) 


therefore 


4rk 4ir« 

k = nx and wt = 


The significance of the absorption index: can best be realized by a 
transformation of equation (2ft) 


. h 

i.j 


4 *' 


l- n ■ 


or expressed in ordinary logariEhnns 



4tf-0434^^ 

Xd 




a The soeaifi&nce of theie terms i$ dearly cxpreised in photography in 
which the rebtivc densities of the photoaranhic plate son^e to record more 
or less aecnrately the relattve iTtlcfisiriM of the light impinging upon iL The 
incident light produces changes of such nature in the silver hromide particles 
in the emulsion that after developtnent the exposed panicles remain as opa^^nc 
specks of silver. The more intense the Incidjfflt light, the ercaltr the number 
of aifecled silver particles. In pie devetdped plate the more silver specks 
there are per given area, the more light is stopped, and the more opaque and 
dense is the plate. Densit)' is measured in number of silver particles per 
unit area (ioX2\ weight of stiver particles per unit area). If a layer is of 
such density that it transmits the fraction a oE the incident light, then two 
such lay^fi superimposed transmit o u or of the light, three layers aaa or 
fli: thus the densily increases tn arithmetical, but the transmission decreases 
in geometrical progression. liJ/U = percentage of .light transmitted (= e**" 
equation (i>) the reciprocal /*// is the opacity and the density 

D = log opacity or m/ or simply m for J! = 1. A plate is said to have unit 
density £? = is=Iog ppacily=log /y^/=log lOv when it transmit^ only 
of the incident light Similarly a crystal pktc of absorption-modulus l 
and of unit thickness transmits only of the incident monochroiuatic light 
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For a wave length A, = ,0005456 mm. {near the mercury green line) 
thU expression reduces to 



ioooo*/*nK. 


m 



Fic;. I, Jn tills fifnirc the curves arc cQui-mitiisSty ctirvea mdicatlTig the 
ratio of Uic intcQ^liy of the transmitted light iq that of the (noinn^ly) inci¬ 
dent light for a plate 0.001 mm. thick, for greenish j^llow light {^* = 0,0005458 
mm.), and for different refractive Indices (ordinates) and absorption indices 
(abscissae). The pronounced effect of even a smalt absorption indcs In flit¬ 
ting down the transmissricin is evident from the curves. 

+ 

A series of values computed by me^s of this equation on the 
basis of thickness f=o.oot mm. ( l micron about the thickness of 
an ordinar}' rock thin-section) are listed in Table I. and represented 
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graphically in Fig. i. From these ihe pronounced effect of * in cut¬ 
ting out and absorbing the transmitted light energy is clearly evident. 
For any given thickness I, refractive index ii, and absorption index *r, 
the amount of light absorbed can be obtained directly. From Fig. i 
it is evident that for a plate only i micron thick and lor n> 0,5 the 
amount of transmitted light is almost negligible and the plate is prac¬ 
tically opaque. The effect of using a plate Hn as thick is the same 
as that produced by a plate of the original thickness but with an 
absorption index M« as large. Thus a plate of refractive index 
n = 2 , thickness I = o,OOi mm. and absorption index *=0.5 trans¬ 
mits 10-'* of the incident light while a plate of the same refractive 
and absorption indices but^nas thick (O.OOOI mm.) transmits tO-»of 
the incident light. If we assume an intensity of illumination of 1,000 
meter-candles and a threshold limit of vision o.ooi metcr-fandIeB> 
then lO"* is the least amount of light which can be detected; under 
these conditions for an ordinary rock section of thickness 0,03 mm„ 
equation (ab) reduces to i!.k=o. 03; therefore a mineral in a thin 
rock section whose absorption index k exceeds 0,02, will appear per¬ 
fectly opaque. The influence of even a very smalt absorption index 
is therefore exceedingly great in absorbing light energy. 

TABLE I. 

In this ubk listed die sbsorpLLon indices ^ of absorbing crj'stal plates 
of thtekness l = 0-Ooi mm. and refractive index n wbicb transmit given qtian- 
titles I/U thfl ineiddti light. Thu& a plate of this thickness, of refractive 
index n=M and absorption index = 0.030 transmits 0,23 of the inddent 
light. 
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The ^:ha.ra£ti!ri5tic feahirc of waves travertinan absorbing medinm is 
the decrease in their vibration amplitude wjlh distance ot penetr^tioTi; the 
waves are damped; the result; is that for obliquely' inddent waves the vibra¬ 
tion amplitudes along each wave front are not constant In other words, the 
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surfaces of equal {thisc do not coindde with the surfaces of c^itial amplitii'de 
as m transp^irtut media. In tlie elecUpma^tielie theory transparent media are 
l^ouped tinder dielectrics fcteetric fioTi-eondtictors) and In these Maxwell 
showed the possibility of the development of an electric current under the 
influence of an electric force, the current l>cin^ proportional to the rate of 
change of the eleictrio force; the current results an the shift In the density 
of the tines of electric force and varies In intensity with the rate of their 
displacement. If F is the cleclrii force, the ^' displacement currem: Is pr<^ 
portional to and is in fact equal to i'tp£.'4r-^i where « is the dielectric 

constant. A current is surrounded by a magnetic field such that the bnes of 
magnetic force are closed cun^w. Maxwell showed that the work done in 
carrying an isolated maRTietic pole around one of these cun'es is equal to 4^ 
times the electric current measured in electromagnetic units- Similarly a 
magnetic current or flux varies when the strength of the magnetic held 
changes and the lines of flow^ arc *iifrounded by an irlectric field such that 
the lines of electric force are closed curves; the line integrat of the electric 
force around one of these curves is numerically equal to 4*- times the mag- 
ncLtc flux: furthermore the magnetic flux is proportional to the rate of change 
of the magnetic force or flAf/fll and Is in fact equal to 4'"''d'/, m w’hieh 

ii is the magnetic pemieabihty. For vibralions of the high frequenej' of light 
waves Is practically equal to unity* From the^e relations Maxwell deduced 
the following diffcrenttal equations: 


£ 8.V 

dw 

dr 

£ a F dll' dw 

0 dy dr' 

£ ’57 " dr dx 

I du 


&z 


c df " 


dy- 

p 7 &x da ' 


c ^ ^ ^ _ du 
c ai dy' 

I the dX _ 


(30) 

m 


In w^hkh X, 2 and are components of the electric and magnetic 

forces respectively and f is the ratio of the electrostatic to the electromag¬ 
netic systems of units and is numerically equal to the vclocily of light 

To account for the plienomcna observed in absorbing media the above 
equations are modified according to one of two possible hj'pothescs both of 
which involve the movements of electrons; the movements dius set up (trans- 
latEoii in conductors, vibration in selective absorbers) absorb or divert part 
of the cIctb'orrtagTietic energy and eouverl it into heal (ohmic heating) and 
reduce the amount of energy available for the light vibrations. In electric 
conductors an eEectric force sets in motion streams o£ negatively charged 
electrons which are in effect the conduction current. The reaction is directly 
proportional lo the impelling electric force, E, or to ^ E m which ff 
absolute ootiducllvity in electrostatic units (Ohm's latv)* A medmm which 
is not a perfect insulator exhibits properties intermediate between those^o 
a dielectric and of a conductor and the current consists of two parts: a dis¬ 
placement current and a conduction current The expression for the cur- 
rent which covers both cases is then 
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In Itgbt'Waves the disturbarce is periodic ia eSect and the time occtir$ 

only in the form of a factor the most ferncral for which h Ae* r ; 

in this factor T is the period of vibratJoa and wliidi may be real, Imagt- 
naryp or compleSj i$ the amplilude vector^ Under thcae conditions the ex¬ 
pression (4) for the turreilt ntay be written 





The only difference between thEs expression for the current and that for 
diekctrics is the rcplaccmeiit of the dielectric constant * by ihe complex quan- 
tily (e — ZT^}, in which *=^ V" — ^ 

In crystals the dielectric constant and the conductivity are different in 
different direcdons. Experience has shown that the components of the elec- 
trk displacement lor any direction ot wave propa^tign are homogeneous, 
linear functions of the field components. Thus the Z components of 

the conduction srurrent arc 


those of the displacement current 


1 / 3X' , dZ\ ^ 


w^herein tfjut = ?jts and *iut = *kh. The first Maxwell equation becomes for 
absorbing crystals 


\[(hi- + {•» - ^ + («.. - = ^ - g, 

or if be snbitituled for the complex expression {*kk —^aTe^ktl) the Max^ 
well equations can be written 
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wherein 

If for abbreviation the nght hand side of equations (fa) be made equal 
respectively to (. % f. the differential dXlSt, aVidt, az/ai «n be expressed 
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m the form 

^ “ { 5 ii£ + 

9 f € 

^ • 7 + ^hOp 

^ " i + djjf). 


( 6 ) 


in whith the complex constiDts (called polarizatioii constants] fltt—M+stu 
are stmpk dctcnnmate functions of c" and of the complex quantities . 

in these e^oatians = 

To elimtnale the components of the electric force X> ^ diifer-entiate 
eqnatioits (S^) after the time 


1 a*« ^ ^ ^ M 

e &t* ^ dy\ 0i J a? ^ at / ' 


and stibstitute in these equations the values of aZ/fll from 

equalTon (6)> and obtain the eqna.tioris 


^ ^ §i (dfit + djtfl diif) — ^ (dill -h 
^ “ §y ” "Sx ^ ^«f)p ^ 


m 


vrhich are free from the components oi the electtic force and of the electric 
cn Trent. 

A particular solution of these equations is 


u ■ ittp* B w ■ 

fi = Ae^ (i - + -!* ! ), (93 

in which Mr arc the direction cosines and A (complex) the amplitude 

of the polariiation vector * r. the direction cosines of the wave normal 
and T t complex) the velocity* H hi (9^) we assmne TCitical incidence* then 


n ■ * 

rcaJ^ then 


0 , PI is tj if put I = 


wherein *, a®d X are 


Si 


-- 

9 tiAe 



( 10 ) 


This equation states that the amplitude of the wave of tight after pasnge 
through the path x (one wave length) has decreased to the extent of 'S 
a is therefore called the absorption index. 
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For a beam of light entering a second medium! the axes of reference 
be so chosen that the Z-axis is nontial to the boundary surface while the 
plane of inddciice is the XZ plane. In this ca^e — r:t = o,r^ = cost, 
if the positive ^-axis points into the second mediuni and i ta the Rugle of 
inddeuce. In adopting this convention and substituting the values of In 
(S and 5a> we obtain, on eliminating sh the equation 

fflS — fljj) —"Odi cos- 1 — On sin® I + sSffii sin i cos i) 

= sin 1 —cos 0®. 

In this equation fl'and the constants: are complex quantities. In similar 

manner we find^ by observing that tlie wave rtormal and the polarlzaticm vec¬ 
tor arc at righc angles^ the expression 

I ^ ^ 12) 

If the polarization plane include an angte 3 with the plane of incidence 
= — cosi cos^^ % = dn3, = sin ico$*) etiuation { 12 ) can be written 

5* — _ _ d]t cos i — fin sin i _ . . 

tan fi = V — dji am t ~ ^ — dn cosi* t — du sin* f + 2 dji ain i cos i ' 

By means of this equation die azimuth of the wave ~Qit can be compuctd. 
^oiirtdofy Coipdih’oiij, — On p^issing from one medium to anotherp as from 
air into a crystal plate, light waves encounter at the boundary surface of the 
plate entirely new conditions. This passage from the system of forers opera¬ 
tive in the first medium to that in the second is exceedingly rapid and is 
accomplished within a verj' thin film: but it is neverlheless a continuous 
process since, physically speakingp there are no discontinuities in nature. The 
boundary surface is an inhomogeneous fiEm in which the dielectric constant 
passes continuouslyr though rapidly, from that of the first to tliat of the 
second mediuin. Kow in order tliat the finirc current be carried across the 
boundary the components of the electric and magnetic fortes parallel with 
the boundary- surface must be continuous through the boundary; for an 
mfinitcb’ thm film the forces on either side of the film must therefore be 
equal. Tf the boundary' surface be the ^ plane and the plane of incideoce 
the rar ptancp the general boundary conditions are (u>i= (u>* 

For periodic vibrations it is evident that (aAVafl, 
= and 0l75i()i = may be used In place of 

(7) ^= (F),: the last equation of <sb) can be written [^/5rts = (dit/^l)jp 
or (w), = (uOi for periodic vibrations. Only four of these conditions arc 

independent 

In the case of light waves entering a crystal plate froin aif+ there arc 
two components {magnetic vectors) on the air side of the boundary 
lij, that of the incident wave and ujj that of the rcHccted wave; on the crystal 
side there are the components h, of the two refracted wave^ Equations 

(8) define the state of the Hght wave motion at any point and instant For 
the boundary film Z—o; m order that in the film the boundary conditions 
hold for all instants of time, the relations must obtain 
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p_ 1 M i silt f _ I 

liT."? " ■* "T ? 

i„ ,11k* i i. til. «| »' 

air, <1 wave normal velocity in the crystal ntcdnim and f a constant, 
nutnljcr. Since? is complex, T is also complex- By means of these values 
equations M and lao ear be translorraed to read 
ld-» + (dii -/*) tan> - itdii tan r + (du -/*) tan* ^1 

^ (ai, - d» tan' ?Kl + ta"* r) 


( 13 ) 

(i+l 


(is) 


(f« - fftO tan' r - S» _, 

= i^-Jntan'S^'r+t^^ ^ ^ ''" " 

In these equations a,* ■ • T and 3 arc complex ^ 

value of ^signifies that the amplitude in the wave is 
^Ine of *, Sal there is a phase difference betw^n 

components normai and parallel to the plane of uicidence, hence the vibration 

” " FoTC assumed, namely, a plate sf^onnded 

boundary conditions (*')»-. 

{9Xldt)t con be written by virtue of equations (9), (So). ( J> 

(Ecos 4 - Scos^cosi - Picos *, cosfi + 5 sCMaiCosr», 

E sin t + E sin p ” ^1 sin ii + Dt sin 3 i. 

(E cos * + Rcos 4) sin i “ Oi cos ?i sin fi + 5*ct» h am n. 

(E sin t - E Bin p) sin f-eoi i 

= Di Isin ’ii(dii eios fi - da siu Ci) + Oti cos ill 

+ D, [sin ii(dii CM h - da sin h) + dit cos id, 

in which £ E, A. A amplitudes of the tnciden^ reflected, and two 

cfSid wkve's rrspecdvely;A .lte_^lanaaticn 

the normal velocities of the waves, f, 7., r, the anptes between the wave 

normals and the plate normal. 

The last equation of (ts) toay also be wntten 

(E sinE sin p) sin t cOsi’=A sinnjeotrlsi«* ±sin^ian?^) 

+ ft sin fvCcos rg sin 5* :J: sin Fi tan j,), 

wherein T* is the angle between the refraeteii wave normal and its raj- dlr«- 

Eon In this form the equation is more convenient for use m - 

pnUEons In these equations i, A of the 

J. of the reflected w^vel also hy computation from (i2) ^dju) 

b;, ^ of the refracted waves; unknown are E. p of the 

A. A of the refracted wavea 

t A dash above a letter is used to signify that the quantity reprtsesented 
may be corpple^c. 
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The computation of these four quantities from the equations U eswed^ 
iR^ty complicated. The introduction of "tiniradial saintuths” facilitates the 
solution considerably, Thus ^r ^ certain value of * such at all of the 
refracted light tales the path D D, = o), while for another azimuth 

of the incident p^c polarized wave. (D,— I. fJ, -o) and all of the li^t is 
refracted along D^. The values of the uni radial azimuths are given by the 
equations 

t^pm — ccB (i -h r) tan i ± sm^r-tan^ ^ ^ 

sin (* — r) cos i 

' r 

(an I -* cos (f — r5 tan fi ± — |»n_£-tanj_ ^ 

M (f + ^ coa S * 

iji which Tis the angle bclweeu the wave normal and the ray direction of the 
refmeted wave. 

^ Lee the values of E and R, coniptited ^der the assumption that 5 i = 0l 
be Eu Ri} similarly for A = Or A— 2: he 

Since e<i«alions (is)_and (l^) are linear iii_A and we hnd on sub¬ 
stituting ^erein first A = a A = i and then A = a A^i, and mdicating 
by $ubscriptSt i or 2 , in each c^ the proper unlradial azimuth, multiplyicii^ 
the eqirations thus ohtaiiied by A and respectively and then adding 

( (E, eos + A cos ~ {S. cos *,A + J^cos 3^,)] cos f 

= A cos cos fi ^ A cos 8j cosK; 

therefore 


E cos * = Ep = A cosfiA + cos ^ 
a cos^,A-f a €Ofi p,A = RpA 

Similarly 

£ sin f = £j = £, sin v,Zj, -f- E, sin =; E^.D, + Jis,D„ 
Rsinp=:Rs-= £, sin p^Di+R ,sinj 

in which 


( 17 ) 


£ 1 * — £, sin £#* = £* cos f,; ^ R^ ,Jn 

If the ^plitudt wid polariution azimuth of the mrident wave be given 
and hence £r„ J* and r*. the corresponding values of the reflected wave 
cait be computed from equations (17) and put into the form 

{£pi£r, —£p^ij) £f, = (£#j£f,—£#j£f,) £p _ (j \ 

(Ef.,Eh-Rp^f,)El. J ^ 

wj,i|. is dc|i«d by eliminating D, and D, from equations ( 17 ), The values 

If the meidmt wave be plancrtwlarued the complex values of R./F. 
Rp/E^ and Rs/Rp show that phase differences exist between ttie thr^ waves' 
and that therefore the reflected wave is in general clliptically polarized If 
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w« put 


Rs , 

= tan fl' 
Ap 


(*?> 


tan = taa ^{«m A + i sin A) 

- {^lEpt — R sj^pi) tail t 
— C^piE^a — Rp^^pi) tSLa £ 

in wtich Ian * = B$/Mp and the szimnth angle f la real^ then ^ Is the rela¬ 
tive phase difference of the camponents nonnal and parallel to the plane of 
incidence. By equating the real and imaginary p^rts of this equation lo lenOp 
we obtain equations from winch and A can be computed. The equation 
shows that for a certain angle of incidefice the phase difference may be 
for this angle of incidence the reflected wave is plane^polarized* Lf v=4S * 
then thia angle of Lneidcnce^ is called the pnndpal angle of incidence and 
the angle ^ the principal azimuth. From these two angles it is; possible in 
certain cases fespedally isotropic bodies) to compute the refractive index 
and the absorption index of the reflecting medium. Different methods have 
been devised for ascertaining these angles; practically all the methods avail¬ 
able for ascertaining the refractive and absorption Indict of absorbing sub¬ 
stances arc based on the above equations or cer^u modifleadon^ oC the same, 
deduced on the basis of simplifying assumptions. 


Vertical Incide^jce. 

In case the angle of indd^nce is zero, f—the above equations 
reduce to the following: 

ai 2 


- 3 * ^ dll 

tan 0 = — - = ^ - ^ t 


Ciaa') 


£cosf— Rcasp= Dicosfi,+ njCOs8j„ 

£sin«+ £ siiip= Z) j sin8i-|-i?,sin( 15 ', ts'tf) 
g,£ cos e + q^R cos cos 8, -|- g.Z)i COS 8*. 

sin ( — q^R sin p ~ qj.Di sin 8, -j- qM^ sin 8-, 


For uniradial azimtiths we find for 81, 
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Therefore 

+ ^i) cos 2g*£j| =(«7o H“ ^i) sin Bif 
2qJ^Pi={li^ — q^) cos S,, 2 q^Rs^=^iq^—q^ sm 

Similarly 

2 qj^Ep^={qt + ¥a) cos ^q 9 ^p 5 ={qa + ^s) Sin hi ^ 

2 q^Rp^=iq^ — q^} cosBjp 2 q^¥s.=(q,y—%) stn 

On substituting these values in eqttation (19), we obtain 

5ji>(5a — ffi) ^n 5s — [(fffl — + ia) tan 5i 

^ _ _ _ - (go - q^(q + it) tan 5 i] tnn * 

^ tfffl - + h) ran ii (ea - gi){go + ia)_taii la ' ^ ^ ^ 

— ^gflCga — ii) tan e 

The right-hand side of this equation is complex ; therefore, plane 
polarized light incident on a cr> $tal plate of an absorbing crystal gen¬ 
erally becomes on reflection elliptically polarized- The equations 
are, however, so complicated, that progress is best made by the solu¬ 
tion of a few simple cases in which the cryatallogTaphic symmetry 
relations prescribe certain types of vibration. 

For the special case that the plane of incidence is a plane of sym¬ 
metry the equations become noticeably simpler; thi^ assumptbu is 
valid for isotropic, uniaxial and certain sections of orthorhombic 
crystals because in these the positions of the principal axes of the 
polarization and absorption surfaces of reference coincide as they 
are fixed by the symmetry relations. In general these axes do not 
coincide and the surface of reference can be represented only by the 
use of complex quantities. On the assumption that the plane of in¬ 
cidence is a plane of symmetry let B be the angle between the Z' axis 
(normal to the plate) and the Z principal axis. The equations de¬ 
fining the complex polarization constants then obtain 

= + cos= si# B, 

+ sin= e + cos* 

Oja + liaj = o, 




415 


STUDY OF ORES AND METALS. 


fl„ = a„ + cos 0 sin 9 , 

In these equations On ' ■ ■ and b, c arc complex quantities. On 
substituting these values in equations (lo'), (ii'») and (15) we find 

- dii)(a* " »m) =0 or is* = flu fJ? ” 

— 0± & — “ r 


#1=0, ^ “ 2 ■ 

The refracted waves Si, Sj arc thus plane-polariaed. Equations (18) 
reduce to the form 

♦ ^ ~ 

^ *" EpiEsi £f V go + Si ’ 

But from equation (10) 

h _ gi ^ ^ . 

fi» g#(i ~ ”) «i(* ^ ’ 

accordingly 

^ „ fli — t — ^20) 

Es H| + 1 — 

The right-hand side of this equation is a complex quantity and of 
the form 

a ib nA + bS -i~ ijbA aB) ^ ^ 

T+7b - A^ + B-- ^ 

This in turn may be considered equivalent to the expression 

{P + + tQ) (cos T-h» sin 0 

=!P cos T—0 sin r +f(P sin’■ + Q ’■)■ 

If now 

p = r cos A, 

Q =—rsin A, 
the amplitude may he written for Es= i 

Ri=rj cos (r— sin (t—^ * (2l) 








416 


WRIGHT—polarized UGHT IN THE 


Thercfort 


Henct 


/ — riC05(T —Ai), 
ff=r^ $iii (t—A i), 


= + 


tan (t — Aj) 



The expression /* + s* is most readily obtained by multiplying 
/ -|-i^ by its complex conjugate (/ — ig)* Accordingly the intensity 
of the reflected light which is proportional to the s(|uare of the am¬ 
plitude r,* is 


Irs (flj — l)* -I’ xi**!* 
U ~ (flj + 0* +~^* 



( 22 ) 


The phase difference is given by 


tan (r — AO = 


bA -a3 


aA + bB — I -f- »i«i ‘ 


— 2«j«i 


( 33 ) 


Similarly the amplitude of the component parallel with the plane of 
incidence is 


Bp ^ Mpi _ gi — g o _ ^ ^ iwi** 

Ep Epi is+g« «*+l— 

The intensity is 

!rp _ (tta — t)* + nt*K,^ 

C«i + i)* + ' 

The phase difference is 


( 34 ) 


( 35 ) 


tan (r — A*) 


— 2 

Vn* — I + ' 


( 36 ) 


By division of (so) by (24) an expression for the amplitude 
ratio is obtained 


Bs _ _ (nt — I — + t — tnni) Es 

Bp (mi + J — fnieO(''s — i — 


( 27 ) 
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Vhi^ is a complex qtiantity and indicates that a phase difference 
exssiEi between the two components (parallel and normal to plane of 
mcidetice) of the reflected light j the reflected light is in general 
ellipncally polarized. In case the azimuth of the plane polarized inci¬ 
dent light € coincides wflth either Ci or the reflected light is platie“ 
polarized. The azimuths for which the reflected light is plane-polar¬ 
ized occur at intervals of 

The intensity ratio of the components of the reflected light is 
found by division of (21) by (25) 

Its [ (wi — ty + + 1)^ + ^ 

Irp ^ i(«i + 0 ’ + nt^Ki^Mni — i)* + Ip* 

The phase difference for £p = Es or tan « = t is or 

tan [■ i aj (w]’—I +hiW)(«^^ — i ^WsW) +4MiriWf<t 
Transpareni' Meoia. 

In order to realize dearly the effects of absorption phenomena it 
!s essential to ascertain first the behavior of non-absorbing media, 
then to pass to the more complex problem of absorbing bodies. 

IsotTQpk Substairces.—¥m non^absorbing bodies je=o; in this 
case equation (22} reduces to the ordinary Fresnel expression for 
the intensity of rays reflected from an isotropic plate 



T.4ELE 2 . 


In this table are listed the relative intensities of light reflected at vcrUcal 
incidence from polished surfaces of subitances of given refractive widlcea. 
Thus a plate oE refractive index 2,1 reflect* 0.1259 of the metdent light 
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This equation shows that the higher the refractive index the more 
light is reflected. The relative intensities for a series of refractive 
indices are listed in Table 2. 

Equation (23) reduces for «=50 to tan {t — A,)=o; in other 
words, there is no change in phase on reflection. Vertically incident 
planc-polariacd light is reflected as plane-polarized light without 
change of phase and with no change In azimuth of polarization plane. 
(Equation (27) for = and *i=!ifjS=o.) 

Birefractittff Media. —For a birefracting transparent medium 
: equation {28) reduces to 

Irs _ / tti -- I Y / gj + I Y 
irp"-t-i^JT* - 1/ 

_ 4(Ht — Wt) 4(«; ~ «i)* , 

" ' (fli + i)(wj — 1) (gi -I- l)*(n* — l>* 

The third term of the last expression is negligible for weakly bi- 
refracting substances. The change in intensity ratio with change in 
least refractive index », and with birefringence (»i —w,) is shown 
in Table 3 and presented graphically in Fig 2. 


TABLE 3- 

In this table are given the relative intensities of the two componentj, 
normal and parallel to the plane of inndenec, of light waves rcHected from 
a transparent hi refracting crysta! surface whose low refractive intleic is 
and whose hirefringenee ts — h^. Thus for a crystal plate, whose least 
refractive index is iJ& and whose birefringence is 0.040, the ratio of the inten¬ 
sities of the two reflected components Is 
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The ratio of the amplitudes (equation 27) becomes 

Rs _ in% — l)(Ba + i) Es 
Ep ~ (wi + !)(«2 - i) Ep~ 


(3:3) 



Fiik 3, The curves in this figure indicate the change in the pcreentage 
intensify ratio (ordinates) of the two componenls of normaliy reflected light, 
with change in the least refractive index Hi (absciss^) ^nd tn the bircfriTH 
gcncc (jfa—(curves) of a crystal plate. 

The fact that this is a real quantity proves that there is no phase 
difference between the two components [ the phenomena observed on ' 
such plates are due therefore entirely to a difference in the ampli¬ 
tudes of the reflected w^avc components. The reflected light is plane- 
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polarized; the azimuth p of the plane of polarization of the reflected 
wave ts for £j=£j> or tan « = t (equation 3 ^) 


JSj 2(wa - »t) 

Rp~ («i + l)(ns - 0 ‘ 


( 33 ) 


There is therefore on reflection a rotation of the plane of polar¬ 
ization through the angle (*—For the ordinary ease tan €-= i 
(c = 45*), we find from (33) 


1 — tan p Kill® — I 
tan (e — p) — j ^ ^ - Ka “ 


(3+) 


The angular amounts of rotation on reflection of vertically inci¬ 
dent plane^polarized light for €^45^* for different refractive 
indices and birefringences are listed in Table 4 and are presented 
graphically in Fig. 3. 

TABLE 4^ 

111 this table is given the angular rolatiDu, an reflection from a costal 
p!ate^ of the plane of polarization of vertically inddent lighr ivaves whose 
plane of polarieatton includes an angle of 45 * with the vibration directions of 
^he crystal plute^ 
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Figures 2 and 3 indicate dearly that there are two distinct meth’^ 
ods for detecting anisotropism in birefracting, transparent media by 
means of vertically incident light t either intensity differences be- 
tween the two components parallel and nonnal to the plane of inci¬ 
dence may be utilized (equation 31) or the rotation of the plane of 
polarization (eqiiation 34). 

Differences of intensity are dEtected ordinarily by photometric 
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methods which involve direct comparison of tWiO adjacent illnmi- 
dated fields (half shade principle). The accuracy of a single setting 
obtainable with such methods is dependent on the sensitiveness of 



Fic. 3. In this figure i5 indicated the angular rotation in degrees {ot^- 
nates} of the ptaoeof polarisation of vertically inddcnl, plane-polarUed liglit 
of aiimuth v=4S° on reflection from a crystal plate of least refractive index 
jii (abscissae) and ot tiirefripBettce % hi (curves). 


the eye, or on the least perceptible difference in light intensity under 
the conditions of observation. An extended series of measurements 
by Koenig and Brodhun* on the least perceptible increment (dif- 

* Silsuifffiberichte d. Acti4, d. ft'wnwA Btrltn. July s6i l9JS. "Gesam- 
metle Abhandl, itnd Pbystolog. Optik" (A. Konig), 116-143. 
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fercncfi limtn) for different intensities and different wavedeng-ths 
shows that for an intermediate intensity of illumination differences 
of intensity 1.6 to 2,0 per cent, can just be detected j for low (below 
50 m,c.) and high (above tOOpOoo ni,c.) intensities» the least per¬ 
ceptible difference in intensity is greater. Under ordinary condi¬ 
tions of illuniinatton we may assume that 2 per cent, difference in 
iUuniination intensity is about the limit perceptible to the eye. This 
means that in order to he recognized by the eye there must be a dif¬ 
ference of about 2 per cent, in intensity of light reflected by the two 
components. To find the birefringence {jig — Bj) required to pro¬ 
duce this 1ea,st perceptible difference in intensities of reflected light, 
namely, 2 per cent,, we may without sensible error use only the first 
two terms of equation (31) and transform it to read 


ffj — Mj 


0,02 (fft + i)(wj — i) 


(35) 


from which the necessary'- hircfnngcrce (jj, — ii,) for the different 
refractive indices Mj can he compittcd* These are listed in Table 5, 


TABLE 5, 


In this table >s given the least degree of birefringence of a co'stal plate 
which on the reflection of vertically incident light produces a detectable difler- 
ence in intensity of the two waves polarized at planes normal one te the other. 
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This tabic shows that for very low-refracting^, non-absorbing sub¬ 
stances only a relatively slight increase in refractive index (bire¬ 
fringence weak) is necessary to produce the required perceptible 
difference in intensity; for minerals of medium refringence and bi¬ 
refringence, such as quartz, the difference limeii increases, but the 
birefringence required is still medium to weak; for higlily refracting 
media the required difference in refractive indices increases rapidly. 
The essential feature to note, however, is that minerals of medium 
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refractive index but iveatt bitefritigen.ee, such as apatite, do not ex* 
hibit the required difference in intensity (2 per cent.) of the reflected 
components; and that, if the observations were limited to this phd» 
notnenon, the anisotropism of the mineral would escape detection. 
In other words the sensitiveness of methods based on the relative 
intensity of the two reflected components is far below that for de¬ 
tecting anisotropism in transmitted light. Thus U is not difficult in 
ordinary thin sections (0.02 nmi. thick) to detect a path difference of 
this corresponds to a birefringence of 0,0001. For a mineral 
of refractive index t.6 the least detectiblc birefringence by reflected 
intensities is about OiOyo. In other words the methods of trans* 
mitted light arc 5® ot more times as sensitive as the methods based 
on intensity differences of reflected intensities. This follows as a 
direct result of the lack of sensitiveness of the eye in detecting dif¬ 
ferences in intensity of adjacent fields. 

Methods based on equation (54) depend on the abilitj- of the eye 
to determine the position of complete darkness (intensity of illumi¬ 
nation =0}: the chief factor which limits the degree of precision 
attainable by this method is the threshold limit of ■vision or the least 
quantity of light which the eye can detect. Experience has shown 
that it is not diffictilt to detect, under ordinary conditions of illu¬ 
mination with the aid of certain devices, a rotation of the plane of 
polarization through s'* Substituting this value in equation (m) 
we obtain 

II. —«,= 0.0015(wi + —i). (36) 

A comparison of this equation with (35) shows that this method is 
at least three times as sensitive as the first. The precision attain- 
able by the second method is dependent, moreover, on the sensitive¬ 
ness of the device employed to detect a rotation of the plane of 
polarization. Without any special device an error of is readily 
possible. In this case the accuracy of this method is considerably 
less than that of the intensity difference method. In case a device 
Is used which shows a perceptible difference for a rotation of J 4 “ 
the precision attainable by the two'methods is identical. The ac¬ 
curacy of the second method can, however, be increased by using a 
very intense source of light. The several methods for determining 
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positioRS of extiRctfon have been discussed in detail by the wrilet* 
and the conclusion reached that the bi-quartit-wedge-platc is the most 
sensitive device available for the purpose. With it the sensitiveness 
can be varied to meet the conditions of illumination. M, Berek® has 
shoviTi that with the bi-quartz-wedge-plate a precision of 0^5^ can be 
attained under the most favorable conditions of observation. 


Absorbing Meoia, 

In the foregoing section the phenomena produced on reflection 
from transparent crystal plates are treated Sn some detail and the 
factors underlying the methods for the detection of anisotropism and 
for the measurement of the birefringence and the refractive indices 
are discussed. The introduction of the absorption index Into the 
equations carries udth it a series of complications which render the 
relations less easy to follow^ but which are^ as a result, the more 
interesting* 

TABLE 6. 

In thps tabk th* Intensity is given of the [ight reflected, at vertical IncE- 
dencCi from the surface of aii isctmptc substance of refractive index w and 
abaorption index K Thus a plate of refractive index 2.0 and absorption index 
reflects 50 per cent, of the Incident light. 
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Isotruftu:^ Absorbing Mcdsu.--¥ot such substances tti—n,, 
= The intensity of the reflected light is (equation 22) 

(f t - t)* + hV , 

/j “ (H + I)^+ «***• 

In order to form a clear picture of the relative influence of the 



Fic. 4. The percentage (ordinates) of normally incident Hshl reflected 
from a plate of refractive Index a (abscissa;) and absorption index » (cums) 
is giveii in tJiis figiire. 


refradive index and the absorption indes on the reflecting power 
of an anisotropic, absorbing crystal surface, a series of values com¬ 
puted by means of equation (37) are listed in Table 6 and are rep- 
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resented graphically in Fig. 4 in which the refractive indices are 
plotted along the abscissae, the reflecting power in per cent, along 
the ordinates; the absorption indices are indicated by the curves. 

In Fig. 5 the same relations are expressed in different form; 



Fia, 5. In this figure the reflecting power (curves) In per cent far nar- 
m^Wy ittddent lighip 01 a plate af refractive indcK u (ordinates) and of 
absorptioTi Index « (Rbsdssar) is indicated. The optical constants of a num¬ 
ber of elemenri are also given. 

the ordinates are the refractive Indices, the abscissa, the absorption 
indices and the curves, the reflecting power in per cent. In this 
figure are also included the refractive and absorption indices of cer 
tain opaque dements and compouiids. The figure is instructive 
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because it shows that hig^h reflecting power (metallic or sub-metallk 
luster) may arise either from high absorption index as in Na, Ag; 
or from high refractive index, as in Si and galena; or from both 
high refractive index and high absorption index, as in Ir, Zn. The 
curves of these figtires show that in general an increase in the ab- 
sorption index is much more effective in increasing the reflecting 
power of the substance than the same amount of increase in the re¬ 
fractive index. 

The ratio of the amplitude components Rs, Rp is (equation 37) 

Rs _ Ep 

Rp~ Ep' 

For Ep=Es this reduces to —1 and indicates a phase difference 
of IT between the Incident and reflected waves. The phase difference 
between the two components is (equation 29) 

tan (A; —Ai)=o. 

Therefore plane-polarized, vertically incident light is still plane- 
polarized after reflection from an isotropic absorbing body. 

Birefracting, Biabsorbiitg Mtdia.—The intensity ratio of the 
reflected components from a birefracting, biabsorbing ciy'stal plate 
is stated by equation (2S) which can be written for Es=^Ep or 
tan *.= I 

Irs _ 4 [(ni - "i)(t + Hiwt) + ~ . 

jrp ” * [{«! + l)* + “ t)’* + *t***i*l 

This equation shows that for weakly birefracting substances (ft, 
approximately equal to n*) the intensity ratio depends on the dif¬ 
ference of the squares of the absorption indices. For substances 
with weak biabsorption the intensity ratio depends primarily on the 
difference of the refractive indices. This iudicates that an increase 
in the btabsorption is more effective in increasing the degree of 
anisotropism than the same amount of increase in birefringence. 

The phase difference between one of the components and that 
of the incident beam is given by equation {23). Scries of values 
computed by means of this equation are listed in Tabic 7 and are 
presented in graphical form in Fig. 6 in which the refractive indices 




42& 


WRIGHT—POLARIZED LIGHT IN THE 


art the abscissa, the ordinates the angles (r —ij, and the curves 
the absorption indices. The curves show clearly that for substances 
with high refractive indices and high or low absorption. Indices the 


TABLE 7- 

In thii table are listed the phase differences betwecti the vertically ind- 
dent beam and one of the coinponcnts tellectEd from a plate of refractive 
index » and absorption index Thus for a plate of refractive index 1.5 
and ahsorpcion index 0^, the phase difference is 24" q/. 
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phase difference is only a few degrees and therefore* so far as useful 
in measurements, is practically negligible. In other words the reflected 
light, although elLpticalJy polarized, approaches plane polarized light 
Ln character and the essential phenomena to be observed are inten¬ 
sity differences and rotation of the plane of vibration. This state¬ 
ment is valid for all substances of refractive index above j o and 
for substances of still lower refractive index (1.5) provided the 
absorption index is either high or very low (less than 0.3). The 
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region for which slight changes in refractive index or ahsorption 
index produce the greatest difference in phase are for tow refractive 
indices « < i-S especially for n < 1 and for high absorption indices. 
Substances, however, with such indices are raret the conclusion is 
therefore generally valid that the phase difference between the two 
components of a btrefracEing and biabsorbing substance for ver¬ 



tically incident light is not great and that the anisotropism finds 
expression chiefly in the intensity differences of the two com¬ 
ponents, This conclusion is important, since it enables the observer 
to apply the methods outlined above for non-ahsorbmg media to 
the detection of anisotropism in opaque substances* 
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The amplitudes Rt^ Rp (equation 20, 34) are complex and of the 
form f + ig. In order to compound these two vibrations (vectors) 
and to ascertain the directions of the resultant elliptical vibration let 
(equation 21} 


Rs = 
Rp = 


(39) 


If tl' be the angle between the Rp axis and the major axis of the 
resultant ellipse of vibration, then we find by taking the real parts of 
(39). namely 

/fjsssr, cos (t—A,), 
and Rp = r^ cos (r—Aj), 
and compounding them into the form 

cos(r—a„), 

(41) 

stn (r—A,), 

which obtains for the components after tbe principal axes of the 
elliptical vibration, that 


To effect this 


^ (42) 

transformation the normal transformation equations 


n» = u cos ^ + sin 
v#=— ti sin ^ cos 

are used and the coefficients of cos t and sin r of 
and (43) are equated- 
If we put 


(43) 


equations (41) 


fa 

— = tan d, 
n 

equation (42) may be written 


(44) 


tan 2 f=tan 2$ cos (A, — a,), 

The quantities on the right hand of this equation can be computed 
from equations (37), (39), (40) and (41), (44); but the expres¬ 
sion thus obtained is too complicated to be readily interpreted. The 
fact that the jdiase difference for most opaque substances is, as 
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shown above, small and therefore the cosine of the an^le (A, A|) 

not greatly different from uni^ indicates that ^ is only slightly 
smaller than whose tangent is (equations (22) and (44)) 

rs* [fwi - 0 * + + 1)* -f 

tan* ^ “ [(„, + j)? + - I)* + »iW' 

The right-hand side of this expression is identical with that ob¬ 
tained for the intensity ratio. Therefore, in general, the square of 
the tangent of the angle of rotation 8 is approximately equal to the 
intensity ratio. As this increases so also does the angnlar rotation 
of the plane of polariaatioo. 

The above equations and the niethods based on these equations 
do not suffice for the determination of the optical constants n,. 
Ki, i»i of an opaque crystal examined only tinder vertical incidence. 
They do indicate, however, that for the detection of anisotropism 
the phase difference between the two components Rs and Rp is ordi¬ 
narily not sufficiently large to be readily measured and that therefore 
the phase difference is of little value as a diagnostic feature. The 
other variable factor is the amplitude ratio. This gives rise to a 
difference in intensity of the components of the reflected wave. For 
certain cases in which the reflected waves are plane-polanzed one 
of the components is more intense than the second and the excess in 
intensity in the one direction produces a certain amount of polarized 
light after reflection of the non-polarized, incident waves; this can 
be detected by mctliods simibr to those which have long been in use 
for the detection and measurcnient of polarized light in the sky. 
Since for most substances the phase difference bctw'ccn the reflected 
components is not great, methods suitable for the detection of small 
angular rotations of the plane of polarization of incident plane- 
pobrized light may also be used to detect anisotropism in opaque 
bodies. A brief description of the several methods which may serve 
for this purpose will now be given. 

^(ethods Based 'On Conteas^t. 

These methods are widely used in the measurement of sky polar¬ 
ization and have proved to be of great usefulnc-ss in that connection. 
One of these methods has been applied by J. Koenigsberger to the 
detection of anisotropism in plates of opaque crystals. 
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Koenigsbcfgef 'j Method.*—~lin, a serifs of articles Koentgsberger 
si^ested the use of a Savart plate^ in conjunction with an anal¬ 
yzing nicol and a telescope for the detection of polarization in light 

reflected from a crystal surface, the 
incident light to be non-polarlzed and 
to impinge vertically on the plate. 
The arrangement proposed by Koe- 
nigsberger U illustrated In Fig. 7. 
The iion-polarizcd light Cmonochro- 
matic or white) enters the system 
along Bj passes through a contrast 
plate Q consisting of a bi-plate of 
smoky quartz cut parallel to the axis 
and mounted so that the axis is at 
right angles in the adjacent halves; a 
lens L, for imaging the contrast plate 
in the image plane of the telescope E. 
The light passes through L to a small 
reflecting prism R, thence through the 
objective O to the crystal plate C 
where it is reflected back through O 
past R, through a plane-parallel, ro¬ 
tatable glass plate P of known refrac¬ 
tive index Cn= 1.515), through the 
Savart plate S and the nicol N into 
the telescope £, 

The Savart plate consists of two 
plates of calcite or quartz cut at an 
angle with the optic axis sufEcieutly 
large (45*) that if examined in con¬ 
vergent polarized light the isochromatic 
cui^-es of the interference figure cross the field as practically straight 
lines. The two plates are of equal thickness and are superimposed 
so that the horizontal projection of the axis in the one is at right 

fur Geohgit u. Paiiontotoffie. igoi, pp. la^ 

197 i lOOft pp. Sfis-SfSft 597-6051 lOOft pp. 345^250; 1910. pp, 713.713, 

“k J?*. descried by D. Brewster, BtUnbur^h Tranjoetioru, p, 

1A iSio; described kter by Savart, P^gg, A»n. d. Phyt., 49, 252. 1840 



Fig, 7. Koen^sbergtir^s ajH 
pi^ratus for the detectian and 
mra^nrement of ani^otropism 
in opan^ue substances. 
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angles to that of the axis in the second. The relations arc shown in 
Fig. 8. If the combination be observed between crossed nicob with 
the axes at 45^ with the principal nteol planes, a series of parallel, 
vertical dark interference bands appears, if monochromatic light be 
U5cd, in the field; if a white light source be used the bands, except 
one central band, are colored. These bands are similar in appearance 
to the bands in a quartz %vedge or a Babinet compensator; but their 
mode of formation is different as they depend on very slightly com 
vergent polarized light for their development while m the quart? 
wedge the change in thickness of the wxdge introduces the required 




Fic. S. Dtagrams ilTustratin^ rhe ^rinclfilc on which the construction of 
the Savart plate is based. 

path difference. From the mode of formation it is evident that if 
non-polarized light be used no such bands will appear, but that with 
a small percentage of polarized light there will be superimposed on 
the white field a series of colored bands the intensit)^ of w'hicb in¬ 
creases wiEh the amount of polarized light present. Under the best 
conditions of setting at the center of the light bands the maximum 
intensity is obtained* namely, of total non-polarized light and 54 
of total polarized light; whereas at the center of the dark central 
band only the non-polartzed portion is transmitted. At iniermcdiate 
points the non-polarized light and a pari of the polarized component 
is transmitted. The field, therefore, altctnates in intensity: the least 
amount of polarized light which can be detected depends obviously 
on the least perceptible increment in intensity w'hich the eye is able to 
detccE. As noted above Koenig and Brodhun's data place this dif¬ 
ference limen at 1.6 to 2 percent, for favorable intensity of illumi¬ 
nation. Pickering and oEhers* estimate that in sky polarization 
about 1 per cent, of polarized light can be detected. Koenigsberger 

i Report of U. S. Navd Obser^-atory of Total Eclipse of July 1S7S. 

fftoc AHERr FrtTt, MC., Vt>U LV 1 «, SB, JAff. 21 , Igia 
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asserts that 03 per tent, difference can be detected, but a series of 
experiments by the writer using a rotatingp optically plane-parallel 
plate and different sources and intensiEies of illumination indicate 
that the figures of Koenig and Erodhun are more nearly correct and 
that Koenjgsberger^s statement of the precision attainable is about 
5 times too great. The difference between different settings, espe¬ 
cially for large intensity differences^ is of course considerably less 
than the least perceptible increment but this difference may not be 
considered to be the least perceptible increment itself. 

In order to render more readily visible the Savart bands and the 
point of exact compensation Koenigsberger employs a contrast bi- 
plate of smoky quartz which introduces a difference in intensity 
between the components (result of pleochroitic absorption) and thus 
produces a shift of the lines tn the halves of the held; these lines are 
then shifted by the changes in intensity resulting on reflection from 
an anisotropic cry^stal plate^ 

In the practical application of this method it is essential that the 
plate to be examined be well polished and normal to the axis of the 
microscope; that the reflecting prism be not too large* that the 
rotating glass plate P be mounted with its axis at 45“^ with the upper 
nicol plane; that the Savart plate be accurately constructed and be 
normal to the microscope axis; that the telescope be accurately 
focussed on infinity (in order that convergent light of only very 
small angular aperture pass through the Savart plate). To measure 
the degree of anisotropism the glass plate P h rotated until the effect 
of the crystal plate is exactly compensated and the Savart bands dis¬ 
appear or are separated by exactly half a band if the contrast band 
be used. 

The effect of the tilted plate in compensating intensities nonual 
and parallel with the plane of symmetrv^ can be found from equa¬ 
tions 15 simplihed for the case of an isotropic body. Thus \t D be 
the amplitude of the transmitted plane-polarized wave and & its 
azimuth, we find 


D cos ^ £ 


sin tr sin 21 



I? sin a = £ sin « 


sin 2r sin 2t' 
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The intensity contributed by the component of the wave D (azimuth 
G) in the pkne of incidence is accordingly 

D‘ cos* S ■ Gi = cos* € * 


The total intensity for the components of all waves D (non-polar 
ized li^ht) in the plane of incidence is 

X B'i'i 

cos* $ d€. 


Similarly the total intensity for the components of ail waves D 
(non-polarized light) normal to the plane of incidence is 

X *n 
sm* 

The ratio of the two intensities is 


Ip Cl* _ (sin i + sin f-cosf)* 

Is Cl* sin* (i + r) 


(4a} 


The same expression can be derived more directly from equation 
(16) if we consider the weaves to pass through the system in reverse 
direction w'hich is permissible. A series of values computed by 
means of this equation U listed in Table 8 and sboivn by the curv'e 
of Fig. 9. 

TABLE a. 

Let a plane^polarized Fgtit beam be inddeor at the ^gle 1 an a plme 
parallel glass l^ate of refractive index 1-515; Set the plane of pHilartzation in¬ 
dude angle of 45“ With the plane of incid«ice. The ratios of the inten¬ 
sities of the two comp^^nenls^ parallel and normal to the plane of incidence* 
of the beams emerging from the plate under these conditions are given b this 
Cable. 


t 


i 


0* 

I.WtHI 

35 

*r-4t 

5 


JO 


IS 


J5 

45.03 

15 

,■8705 

40 

J4-51 

30 

-TTO* 

4S 

3500 


In this figure the enne drawn by Koenigsberger and fumisbed with 
bis apparatus is reproduced as the dotted curve. (Refractive index 
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of glass plate = 1.515)- The two curves do not coincide; no satis¬ 
factory explanation for the discrepancy has yet been found. 

Photometrically the gradation in intensity between the different 
Savart bands is less advantageous than the juxtaposition of two or 
a series of evenly illmninated fields, the one at minimuin intensity 
the next at maximum intensity. This principle is used in measure¬ 
ments of sky polarization and can be readily applied to the present 
problem. 



Fm. 9. Curve iHustrating the percentage intensity ratio (orilinatcia) be¬ 
tween the two componenU, nonnsLl and parallel to the piarie of inddcscep of 
light tranemitted throuE^b a tilted glass plate for different angles o£ ro&tioii 
(abscissae). 

Ntw Methods —For this method use is made of a cl^vage plate 
of caldte of such thickness and an aperture of such width that the 
two fields from the tw'o mys just touch (Fig. 10); better fields are 
obtained by use of a small Koenig-Martens portable photometer* 
(Fig. li). 

* V^rkundlun^fn d. d^uiirh, PkytjkaL CfsetischQft, r, 204^^, 1899; 
Phyjikaliseht Ziilschrift, i, 209-303, 1900. 
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Fig, io. 

method for the dc- 
tectiem and meas¬ 
urement of the 
degree of aniso- 
tropism of a crys¬ 
tal plate. In this 
memod the deav- 
afirc ptate of eal- 
cite sm^es to pro¬ 
duce tvh^o adjacent 
fields whose planes 
of polamatdcn are 
normal to «ch 
other. The inten¬ 
sity of the illumj- 
nation of the two 
fields is made 
CQtial hy rotation 
of Uie nicol 


In Fig, to the nnn-pobr- 
ized incident light b reflected 
by the prism R to the plate C 
whence it passes on reflection 
through the calctte plate aper¬ 
ture j 4 to the nicol iVj the weak 
lens D and the microscope eye¬ 
piece E. In the writer*s 
CTOscope the upper nicol can 
be rotated and the angle of 
rotaticii read off to 6 ' on the 
stage of the microscope. The 
function of the low-power 
lens D is to image the aper’' 
ture ^ in the focal plane of 
the weak eye lens £- 

In Fig. 11 the cakite plate 
is replaced by the Koenig- 
Martens arrangetnent of aper¬ 
ture field lens D (to render 
rays from aperture to Wol¬ 
laston prism W parallel), and 
the twin prism F. This gives 
a better photo metric field than 
the calcite cleavage plate. In 
both methods' artificial light, 
non-polarized, and either mon¬ 
ochromatic or white is used 
and rendered diffuse either 
by the interposstion of a 
ground glass or opal glass 
plate. The fields should be 
equally illuminated and no 
junction line between them 
should be visible. In case 


-S 



O 


Fio. 1I4 In thia 
medicHl the Kot- 
nig-Martena ar¬ 
rangement of wol- 
ta&ton pn$m and 
twin gfasi prism 
is sabstrmted for 
the cakite dtay- 
age plate of Fig. 
la The intensi^ 
of the illurnind- 
tion of the two 
adjacent fields is 
rendered equal by 
lotatfon of the 
nicol 


polarized light be present the intensity of illumination of the two 
fields is different; but it can be made equal by rotating the tiLcol N 
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through an angle a; in this case the observed intensity from the 
one field of intensity /, is / cos* (45° —a) ; that of the second, 
is / cos* (45*4*®)' Since the observed intensities are equal we 
have 


4 ^ cos* (45° + a) 

4 “ cos* (45* — ft) 


(45* - ft). 


( 47 ) 


A series of values computed by means of this equation is listed 
in Tabic 9. For practical purposes a large-scale curve plotted on 
millimeter cross section paper is useful for ascertaining intermediate 
values. 


TABLE 9. 

Irt tills table are listed the relative intensities the strarces oi lllijmina- 
tion of the two fields of a caldte rhomb or a Koenlg-Murtens photometer for 
different settinns of llie nicol N at which equal field Intensities are obtained. 


a Tttoi (iS—tt) ' 

m . 


m 

Tim C+J-.) 

0^ l.DDOO 

1 -933*1 

3 

1 

4 ^7557 

5 .7041 

^ j 

7" 

S 

9 

Ip 

13 

' 1 

[6 i 

5&7« 

,49*3 

.3.610 ■ 

■3073 

3(3 

35 

30 

35 1 

40 1 
45 

.JJ74 

1335 

^0715 

^93EI 

*M77 


Of the two devices the Koenig-Martens photometer is the better 
because it gives a better photometric field and is an attachment com¬ 
plete in itself which may be used on any tnicroscope in place of the 
ey^iece. The only additional accessory required is the reflecting 
prism or mirror with which every metallographic microscope is 
equipped. 

These methods are superior to the Koenigsberger method, not 
only because of increased sertsitiveness. but also because the par¬ 
ticular plate under investigation can be ^^Ewcd directly (at high or 
low magnifications) and the test made directly on the plate in full 
view. In the Koenigsberger method the Savart bands are not readily 
distinguished unless the plate is brought out of sharp focus and even 
then the irregularities of the image tend to render indistinct and 
uncertain the faint Savan bands. 
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Jt^THOPs Based ON the Detection of a Ro* 


tation of the Plane of Polarization 
(Position of Extinction). 

These methods have been long in use by 
petrologists and the principles underlying the 
construction of the different devices need not 
be repeated here.*® 

KQe»igiff€ryf!f's Method .}^—In this method 
Kocnigsberger adopted the arrangement shown 
in Fig. 12. The incident light passes first 
through the polarization prism (vibration 
plane horizontal or vertical) P, and the total 
reflecting prism R to the crystal plate whence 
it travels through the Biot quartz plate A (cut 
normal to the axis and of such thickness, 3.7S 
mm., that it gives the sensitive tint between 
crossed nicols), the eyepiece E, the cap nicol 
A"" to the eye of the observer. The rotation of 
the plane of polarization on reflection is de¬ 
tected by the change _in interference hue on 




rotating the crystal plate. Kocnigsberger 
emphasizes the fact that this method is not so 
sensitive as his first method and is only quali¬ 
tative in nature. 

llaaetttann'jt Method,—In 1913 Hanemann” 
improved Koenigsberger’s method by substi¬ 
tuting a Soleil-Biot plate (two adjacent Biot 
■quartz plates, 3,75 mm. thick, cut normal to 
the axis, the one of right-handed, the second 
of left-handed quartz) for the single 
Biot plate. This arrangement introduces the 


y 


Fig. Diagfam 

shomns general ar- 
»rangemciit for the 
dciMiiDfi of the rota- 
rion of the phtne of 
of nor¬ 
mally incident plane- 
potarined light waves 
Qtt reflectiort from a 
btrefratting and hi- 
absorbing plale. 

feature of color cem- 


These str* treated at length in ** The Methods of Pcttographic Micro 

Kopic Research," Camegie Institution of Washington Publication 1 ^ 8 . pp. 

11 S- 14 S, ipit. , 

IS CentraJbhH fur etc-y 19 ^, ^5-250r i^to, 7ia-7^3? 

lurffif 4. 6 o 5 r-eoBp 1909- ^ * l 

ta K. Enticll and H. Haneinann, StaM und EtSen^ 
fvr anorganlsir^t 8^, J ^5^2^ 19 ^ 14 - _ 
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in adjacent fields and is accordingly more sensitive thaii the 
Koenigsberger method. 

The Bertrand eyepiece which is in common use by petrologists 
would serve the purpose as well as, and possibly better than, the 
SoleiJ-Biot plate employed by Hanematin, 

Atfw Method .—The methods of Koenigsberger and of Hane* 
mann arc based on changes in color {sensitive tint) on rotation of 
an anisotropic plate. In the ca 5 e of strongly colored substances, 
especially yellow minerals, the natural color dominates the field so 
effectively that the sensitive tint is no longer present as such and 
the slight changes in hue on rotation of the stage are only with dif¬ 
ficulty detected and may be overlooked. The sensitiveness of these 
methods varies therefore with the color of the substance under ex¬ 
amination. It is also difficult to obtain a uniformly colored field 
under average conditions of illumination, especially near the jurto 
tion lines in the field. 

In me^urements of this nature in which the effective conditions 
vary within wide limits, whereas the sensitiveness of the eye (thres¬ 
hold vision) is more or less fixed it is essential for the best results 
that the sensitiveness of the device employed for the measurement 
be variable so that the most sensitive conditions of observation can 
be obtained. It is on this principle of variable sensibility that the 
writer's bi-quartz-wedge-plate” was constructed. 

On substituting the bi-qiiartz-wedge-plate for the Biot plate of 
Koenigsberger or the Biot-Soleil plate of Hanemann the most sensi¬ 
tive arrangement for the detection of anlsotropism in opaque sub¬ 
stances IS obtained. The method Is exceedingly simple and requires 
no apparatus in addition to that furnished with a research model 
petrographic microscope. The observations are made either in white 
or in monochromatic light. The degree of anisotropism is indicated 
by the amount of angular rotation of the cap nicol required to pro¬ 
duce eqtial intensity of illumination in the adjacent halves of the 
bi-qu 3 rt2-wedge-plate. 

Other devices, such as the half-shade Lippich prism, may be sub- 
shtuted for any one of the rotating quartz plates and wedges but 


Sri. (4>, 377 - 37 &. tOofi; Carnegie Insiiuuion of Wash- 

in^Qn^ Pub] motion 140-143, 
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since the apparatus is more complicated and the attainable accuracy 
is not increasedp such devices are not recomniended for practical 
work. 

Effect of Refieciing Prism or Phte on the Ckaroot^ of Lighi.— 
An extended scries of experiments with difFerertt kinds of reflectors» 
total reflecting prisms, silver surfaces, silvered glass mirrors with 
central aperture or a small disk mirror in center of field, or an Abbe 
reflecting cube^ was carried out to ascertain if possible which type is 
the best for such work, especially for use with the second group of 
methods. The general equations state that in case the azimuth of 
the plane of polarization of the incident wave is zero or 90°, the 
reflected beam is still plane polarized) practical experience with such 
reflectors slates, however, that the reflected beam always shows traces 
of elliptical polarization even when the piane of polarization is hori¬ 
zontal or vertical. This is no doubt due in the case of reflecting 
glass surfaces to internal reflections]; with a blank metal reflecting 
surface, such as the fresh silver side of a silvered mirror^ it may re¬ 
sult from strains in the outer film. Be the cause wha^t it may, in no 
experiment iwas the elliptic polarization entirely removed, and the 
accuracy of the settings was correspondingly diminished. Expe¬ 
rience with the different types of reflectors did not demonstrate 
nrarked superiority of any one particular type. It is, of course, es¬ 
sential that the plane of polarization of the incident beam be strictly 
horizontal or vertical in order to reduce to a minimum the amount oi 
elliptic polarization present. 

Measuhemekt of Pease Differexces ix Reflected Waves. 

The curves of Fig. 6 prove that in general the phase difference 
between the components of the reflected waves normal and parallel 
to the plane of incidence is of a low order of magnitude, $0 low tn 
fact that it may in general be neglected. The actual measurement 
of the phase difference is best accomplished by the standard method 
with a Babinet compensator* In view of the slight differences to be 
observed, however, this method is not to be recommended for prac¬ 
tical diagnosis. 
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The Effect of Thin Surface Films on Ihe Charaoter of the Re¬ 
flect ed Light. —Dmde*^ was the first to emphasize the importance 
of thin surface films in affecting the polarization relations of re¬ 
flected and of transmitted light waves. In the case of opaque sub¬ 
stances (ores and metals) the surface film effects may be serious 
and c^u$e an isotropic mtneral to show evident phenomena of aniso- 
tropism, Tims a sheet of copper or other isotropic metal shows 
distinct anisotropic effects. The rolled surface of the metal is stri¬ 
ated and part of the polarization effects may be of the nature of 
grating polarization effects or may result from reflection at oblique 
surfaces. Many ground surfaces of isotropic pyrite arc decidedly 
anisotropic. In certain cases this is probably duCp. as Koenigsberger 
suggested*^ to grinding stria j but in other p> rite sections the anisoH 
tropism persists in spite of care taken to eliminate grinding stri^. 
This may be the result of surface film effects or of strain bire¬ 
fringence in the P3Tite, Its presence in random sections^ even care* 
fully ground^ serves as a danger-signal, warning the observer against 
the drawing of loo positive conclustons from a single section. As a 
general rule p^'rste sections are isotropic and the conclusion is war¬ 
ranted that it is isometriCp as crj^stallographic measurements prove it 
to be. The statement of Kocnigsberger that surface films affect 
only the pliase difference and not the amplitudes of the reflected 
beams is borne out neither by theory nor by practical experience^: 
In general, how eve it may be stated that surface film effects are 
not so pronounced as to affect seriously the validity of the deter¬ 
minations. 


The Use of Refraeik e Liquids.^n case the medium surround¬ 
ing the cry stal be not air hut a refractive liquid the refractive indices 
appearing in the above equations have to be reduced in the ratio of 
the reciprocal of the refractive index of the liquid; thus if be the 
refractive index of the Equid, w, of the crystal plate must be re¬ 
placed by W^th each different refractive liquid .em¬ 

ployed both the intensity ratio of the reflected components and the 
angular rotation of the plane of polarization are changed, Theo- 


»- 4 hh. d. Physik, 4 S, p. 146. l«9i ; Uhrbuch d. OpHk, igp6, pp. 272-280’ 
Winkelmann's Htind^ch d. Pkysik, Vol. 6 , pp. 1273^1316, igo 6 . 

Centrtdbttiit fur Gealt m. Falaofitoh, 1908, p, 55^. 
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reticaUy it is thus possible by measurements in different iinmeTsion 
liquids to detertiiine the refractive indices h,* and also the ab¬ 
sorption indices jt, even with normally incident light; bnt prac¬ 
tically this method is of little value because the results are encum¬ 
bered with a large probable error due chiefly to the relative insen¬ 
sitiveness of the eye to slight changes in the observed phenomena. 

In a transparent, hirefracting substance the maximum effect is 
obtained by the use of a liquid of refractive index equal either to 
Hi or to Hj. The intensity of one of the reflected components is then 
zero; the intensity of the second component for ts 

~ ^1 \ 

Ir \ We + ttl / 

which is a very small quantity for weekly birefracting substances, 
and even for strong birefringence such as that of calcite it amounts 
only to one half of one per cent. With intense illumination, how¬ 
ever, relatively weak birefringence can be detected by the use of 
proper refractive liquids. Since clear refracting liquids of index 
above s.a are not available, it is not possible to obtain* the most sen¬ 
sitive conditions of observation with minerals of very high refractive 
index, such as hematite and selenium. But with most minerals con¬ 
ditions of observation can be improved somewhat by the use of im¬ 
mersion liquids of proper refractive index. In practical work, how¬ 
ever, it is doubtful if the improvement thereby gained is worth the 
bother. 

SusfMARV, 

In the foregoing pages the attempt has been made to present in 
connected form the electromagnetic theory of the reflection of light 
bv absorbing media and especially that part of the theory which 
treats of the reflection phenomena resulting from vertically incident 
light waves under the conditions usually encountered in the use of 
the reflecting or metallt^raphic microscope; this outline of the 
theory is given in order to indicate and also to emphasize the 
fundamental principles on which all methods involving the appli¬ 
cation of polarized light to the study of opaque substances are nec¬ 
essarily based; thus the possibilities and the limitations as well of 
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Such methods are ascertained. It is shown in the general case that 
verticaUjr incident, plane-polarized light waves become on reflection 
elliptically polarized (as a result of a difference in phase between 
the components parallel and normal to the plane of incidence) ; that 
the amplitude of the component of the light vector in the plane of 
incidence is different from that normal to the plane of incidence. 

In special cases where crj'stallographic symmetry relations pre¬ 
scribe the positions of the principal axes of refringence and of 
absorption, as in isotropic, uniaxial, and the principal planes of ortho¬ 
rhombic crystals, the above relations are simplified to the extent that 
the refracted waves are pliuie-polarizeti and not elliptically polarized 
as in the general case i as a result, normally incident, plane-polarjzed 
light waves whose vibration directions are cither parallel or normal 
to the plane of symmetry are reflected as plane-polarized waves; but 
the intensity of the two reflected waves is different because of the 
difference in the refractive and absorption indices parallel and 
normal to the plane of symmetry. Therefore normally incident, 
non-polarizcd light contains after reflection a certain amount of 
plane-polarized light and this amount increases wdth the strength of 
the birefringence and of the biabsorption in the crystal plate. 

The presence of plane-polarizeci light tn essentially non-polarizcd 
light can be detected by any one of the well-known physical methods, 
such as are commonly used in determinations of sky polarization. 
Of these methods Koenigsberger adopted the Savart pbte with 
rotating glass compensator; a second method is suggested above 
w'hich employs either a single calcite cleavage plate with proper ap¬ 
erture (after the manner of the Haidinger lens or the Pickering 
photometer) or a small portable Kocnig-Martens photometer. This 
method is superior to the first method in tw'o respects; it is simpler 
in adjustment and in manipnlatlon; it is based on a photometrically 
better pnnciplc, namely contrast of two or a series of illuminated 
fields, the first at minimi^ intensity, the adjacent field at maximum 
intensity with a sharp line of demarcation which disappears when 
the Intensity of Illumination in the adjacent fields is the same The 
attainable accuracy depends on the least perceptible difference in in¬ 
tensity of illumination which the eye can detect; this is about i 5 to 
2 per cent, under ordinary^ conditions of illumination. An opaque 
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crystal, therefore, of such weak birefringence or weak biabsorption 
such that the difference in intensity between the reflected components 
is less than 1.5 per cent, appears isotropic. In transmitted light dif¬ 
ferences in birefringence of only 0.02 per cent, of the refractive 
index are readily detectible; therefore the methods based on dif¬ 
ferences in intenst^ of the reflected components of vertically inci¬ 
dent light are 50 or more times less sensitive in the detection of 
anisotropism than the methods based on the phenomena of plane- 
polarized, transmitted light waves. 

In case the vertically incident light be plane-polarized, the dif¬ 
ference in amplitude of the reflected components normal or parallel 
to the plane of symmetry causes a rotation of the plane of polariza¬ 
tion and this can be detected and measured by any one of a number 
of devices in common use by petrologists. Of these Koentgshetger 
adopted a Blot sensitive tint plate and used It in a qualitative way to 
detect anistropism, Hanemann improved Koenigsberger's method 
by adopting the Biot-Soleil sensitive tint bi-plate and obtained 
thereby a color contrast in rtvo adjacent fields. The ordinary Bert¬ 
rand eyepiece which is in common use by petrologists is suggested 
above as a still further and equally simple method for detecting 
anisotropism. 

A still more sensitive and better method is, however, to u»c the 
writer's bi-quatta-wedge-plate in which the sensibility is variable and 
can be adjusted to meet the conditions of illumination and thus to 
produce the most favorable conditions for extreme sensitiveness and 
consequent accuracy of results of measurement. This method is 
simple and is the most sensitive at present available for detecting and 
measuring anisotropism in opaque substances. The degree of aniso¬ 
tropism is indicated by tbe amount of angular rotation on reflection 
of the plane of polarization of the vertically incident light waves. 
The accuracy of these methods depends on the threshold limit of 
vision (least intensity of light which the eye can detect) : this is dif¬ 
ferent from the least perceptible difference in intensity of illumina¬ 
tion of two adjacent fields on which the sensitiveness of the first 
group of methods depends. 

The sensitiveness of the second group of methods can be in¬ 
creased by increasing the intensity of the light source and also by 
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introducing some contrast device such as the bi-quarla-wedge-plate, 
or the Lippich biprism. In general it may be stated that for practical 
purposes the methods of the second group are simpler in manipula¬ 
tion than those of the first and more sensitive and therefore better, 
A disturbing factor is the introduction of a small amount of elltp- 
tically polarized light by the reflecting prism or plate. The phase 
differences between the two components of the reflected waves are 
in general sntall and do not seriously affect measurements by tbe 
methods outlined above which are based on the amplitude differences 
between the two components. The phase differences may he meas¬ 
ured by one of several devices of which the Babinet compensator is 
the best and most widely used; but for the detection and measure¬ 
ment of anisotropism. methods, which are based on phase differences 
between the components after reflection of vertically incident plane- 
polarized light, are not in most cases of practical value. 

The use of immersion liquids and a monochromatic light source 
is suggested for obtaining the greatest differences in intensitv be¬ 
tween tlie reflwTted components and thereby increasing the sensitive¬ 
ness of the methods for detecting anisotropism. 

The above equations show that it is in general not possible to 
measure both the refractive indices and the absorption indices of an 
opaque body by means of the phenomena resulting on the reflection 
of vertically incident light waves; but it is possible in special cases to 
determine the degree of anisotropism and also the positions of the 
polarization directions in a given crystal plate. These data taken in 
conjunetton with crv-stallographic data enable the observer, just as 
do birefringence and extinction angles in transparent crystals to 
draw conclusions regarding the crystal system of the substance under 
investigation. But in opaque substances the precision attainable is 
relatively slight and the phenomena which can be observed arc rela¬ 
tively few and restricted in scope. As a result one cannot expect 
from the application of polarized light to such substances the harvest 
of optical data which ha« been gathered from transparent crystals 
For opaque bodies the possibilities are few, the limitations are great' 
and recourse must be had in practical diagnosis to other methods of 
determination such as behavior of the substance toward abrasives 
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and solvents, color, density, hardness, etc,, in addition to the deler- 
mitiation of the degree of anisotTopism. 

In this paper the properties of a nuitibcr of opaque substances 
such as ores and metals, determined by the several methods de¬ 
scribed above, are not included; such lists would add imterially to its 
length and are not germane to its purpose. 

GEoravsrcAi. LAstWAtniY, 

CAR?:E(itB IxsnruTtON OF WaSHISCIBS, 
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ON THE LUCIOPIMELODINjE, A NEW SUBFAMILY OF 
THE SOUTH AMERICAN. SILURID^E.' 

(Plates II Aim HI.) 

By CHAS, S. driver. 

(C^mmmikaled by Pr^f. Car/ H, Rffffwfflanii, Rtai OeUfbfr 3, Iplp,} 

In the Nematognathi or catfishes and their relatives the anterior 
vcrtebrje are coalesecd and fomi with the auditory ossicles the so^ 
called Weberian apparatus. This structure has been studied by 
various authors notably Sagemchl» R. Ramsay Wright* and Bridges 
and Haddon.* A brief summary' is also given by Boulenger tn his 
Fishes of the Congo and in other papers on systematic ichthy” 
ology by Regan, Eigenmatm. ct al. Usually the centra of the first 
three vertebne are coalesced into one piece without evident sutures. 
The centra of the fourth, fifth and sixth vertebrse are frequently 
coalesced with the anterior three, but the sutures between the third 
and fourth as well as between the fourth and fifth are frequently 
quite evident, especially in the yoang. 

The coalesced first to third vertebra are without lateral processes 
The fourth and fifth have various processes. 

As tn all other members of the Nematognathi, the centra of the 
anterior vertebra of the species of the Pimelodina, a subfamily of 
South American catfishes, are coalesced. The lateral processes of 
the fourth, fifth and sometimes the sixth vertebr® are expanded 
sometimes largely separated from each other, more frequently joined 
to each other to form an osseous shield or roof over the anterior part 
□f the abdomln^ cavity. 

In RhatHdia of the Pmdadmie there arc three processes distinct 

No Uboratonr of Indiana University, 

^ Jahrt.t Bdr X. 

* Trans, Soc. CanndOf 1S85, 

* Phil Trans. B, 18^3. 
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PLATE W 





A, venLr^l vkw of tlic anterior vertebrE oi FcragiH jtaAlhus; B, ventral 
vkw of antcrSor vertebne of cin^ns^iws; C sind B, dorsal vScWS of 

skoll of Ftrwgiit j^nnlhiLs; E, klefal view of Pfrugm xanthKSr 
It BasioGcSpitaU 5 , Inferior pfereess of post-temiwrat; ^ ventral view of air 
bladder capsule;; 4. transverse pnocejs of fourth vertebra; transverse proc¬ 
ess of fifth vertebra; 6, transverse process of sixth vertebra; transverse 
process of seventh vertebras 8^ coneentrEC process of iripus; pt anrenor proc¬ 
ess of fourth vertebra; lO, posterior process of fourth vertebra; li, nasal; 
I2p ethmoid; 13, lateral; 14, frontaJ; 15, sphenotfe; 16, pterotic; ijt ep^otjc; 
18, supractavical; iQp dorsal \Hcw of air-bladder capsule; 20, ffapraocapital; 
2 Ip neural spine of fourth vertebra r 22^ sixth vertebra ; 23, byomandiholar; 
metapterygoid; 2Sp quadrate; 26, pieoperck; if, mteropercle; ^ opcode; 
clavicle; 3a eod of air-bladder; 31 r bteral view of air-bladder capsule; 
fifth vErtebraL 
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Plate III 



I-J. (Steinrf«h„«r>. After Steind^chner 

j. Uaopmifloiui pat, (Valenciennes), After Vakneiemiw. 
^ Pf^gta (Eigenmann). Photograph by Eigmmann, 

6. Mf3<ih>ifma Eigenmann. After ETgeiintann 
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from each other for more than their distal halves (Plate II, B, 9, 10, 
5)* The first one articulates distally with the clavicle and process 
of the post-tempotal. the second and third are free at the ends. The 
first and second (9 and 10) belong to the fourth vertebra,® the third 
process belonging to the fifth vertebra. In P^cmioplGtystonut /dJ" 
datum there are four expanded transverse processes, all of them 
separated from each other toward their distal ends. In small speci¬ 
mens of this species the interlocking sutures of the centra of the 
coalesced vertebrae are quite distinct. In this species it is quite evi¬ 
dent that the first and second processes belong to the second distin¬ 
guishable vertebra, in reality to the fourth- The fourth process 
belongs to a supernumerary modified vertebra, the sixth, one usually 
normal in other species. Its processes bear ribs. In Pitturlodus 
ciarias the bteml processes are united to form a solid plate without 
even marginal notches to indicate the boundaries between successive 
processes. 

In the gw^uFimeloditia^Pseitdopimolodus, Rhamdia. Pimelodtts, 
etc., of the Pimelodin® the air-bladder* is well developed and lies 
free In the abdominal cavity. It is simple and more or less oblong 
iu shape and extends posteriorly to the eighth or tenth vertebra. 

In Sontbhn (Fig. i, /i> and /ffuifjorriEu'in the air-bladder is 
draivn out tnore than in any of the other genera, and extends back 
past the tenth vertebra. It is larger proportionally than in any of the 
other genera. In Pseudoplatystoma and Bradiyphtysloma it is veiy 
much as in Sornbim and /fcHiijonifriiu but slightly shorter, extend¬ 
ing only past the ninth vertebra. 

In Rhamdia (Fig. 1, B), Pimeiodella and Pimelodiis (Fig. i, C> 
the air-bladder is very different from that found in 5 ori( 6 int, Hgfiii- 
sofubitn, Pseudopfaiyst^ma and Brachyphlydoma. In these genera 
it is wider than long. The ividth averaging from one to three mm. 

»8nitges and Haddoo, Phil. Trans., Vet. B. t85>j. 

*The air-bladder of one speritnen of A^enfiastis rdurnnHj has been 
examined to determine its relalJon to the Pimelodin^ and 10 the genera 
Sfesahngma and LueiopimAadus. This sijcrimen was a&> mm. long and its 
air-fabdder was aj mm. long and 23 mm, wide. It lapera at the poiterior 
end causing it to be heart-shaped' h ’''s caviry and 

is not erveiosed in a bgny capsule. It thus resembki the condition found in 
the 
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in excess of the length. In Rhamdm it extends to the ninth vertebra 
while in Piftiehd^lh and Pimdodus^ it extends only to the eighth. 

As stated, the lateral processes of the first five vertebr® in the 
Pimelcxiinse are coalesced and form a more or less smooth roof be¬ 
neath which the air-bladder lies* In Rhamdio (Plate II, Fig. S) 
the transverse processes are quite distinct, and are separated from 
each otlier ; the coalescing is more complete in Sornhuiin^ Ht'ntiso- 
mbim^ Phndi^didla and reaches the climax in Fimehdus^ 





Tkxt-Fic. ir Af Air-bladder of Iftma; Air-bladder of Rhurndta 

crnarffu’ftu' C, Air-bladder of PitftAodus f/isritij. Outlines as seen from 
beSow. 

The air-bladder of Pinidodut is small* The coalescing of the 
vertebrae is more contplete in this genus than in others. The outer 
e«%e of the shield formed by the coalesced process has a tendency to 
become arched antero-posteriorly. 

The air-bladder in all these genera comes in close contact with 
the skin which serv'es as a tympanic membrane. This can be seen 
especially well in young specirnen.s, 

Perugia (PJate II, A, C.D.E), which had hitherto been placed in 
the Pimelodtn®, h^ the air-bladder very niiich reduced in siztj con.” 
stricted longitudinally with one lobe on each side of the centra of the 
coalesced vertebra. Each lobe is surrounded by a partial capsule, 
made up of the coalesced vertebra above'and behind, the scapula 
and the process connecting the scapula with the basiocdpilal in 
front. The floor of the capsule is membranous. 
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'fhe two lobes of lire air-bladder are verj' small. In a fish 200 
mm. long they are 3,5 miti. in diameter and the distance between the 
outer margins of the two capsules measures 12 mm. fhey are pear- 
shaped, tapering to a small canal connecting the two capsules. 

Luchpitnchdiis and Mcgsto»cma arc certainly clpsely related to 
FrrM^j'o. This becomes quite evident when we examine the air- 
bladder and the anterior vertebra associated with it. An examination 
of these structures also demonstrates that Ludopimchdits and 
Mcffatoncma are not related to the Pimelodinas with which they have 
been a.ssociated. 

The air-bladders in these two genera are not indirect contact with 
the skin. They extend outward to near the skin, being separated 
from it by a thin layer of fat. , 

As in the structure of the air-bladder and the Weberian apparatus 
Perugia, Lticiopimclodus and Megaioncma differ greatly from ah 
the genera of the Phudodimr, they may well he separated into a new 
subfamily, the Luewpimchiiinte. 



XsxT-FiC. a. Mtffplenemii ptalaitutH Gather. Photograph bT Siir. Valcite, 
Jefe dc la Oficroa Fomenlo do Posn. Bueaos Aires. 


In Cuvier and Valenciennes, “Hist. Nat. Poissons" XV, JS40, 
p. 176, Valenciennes described a new- species which he called Piwif- 
fadns pati basing his description on a specimen 30 inches long col¬ 
lected by d'Orbigny, a very small specimen which he received from 
the tnuseiim at Lisbon, and on a drawing in the MS. of Father Feuil- 
lee, in Hugard's library. Later in d’Orbigny’s “ Voyage dans l‘-\mcr- 
ique Meridionale," V, 2r Partie; Poissons, 1847. p. 7. plate L, Fig. 
7-9, Valenciennes figured the species. 
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D’Orbtgny reported (hat the species is taken in the PatanA from 
iatitude 36 dcgTces bouth to Buenos Aires. He reported it to be a 
I>errnancnt resident at Cornenies, but at Buenos Aires it is migratorj', 
arriving in September and departing in March. 

Giinther in his Catalogue also placed it in the old genus Pime- 
lodug which includes a number of different generic types. In a 
short article on the Fish-fauna of Rio de la Plata,^ Gunther briefly 
describes Pimdodtts This species is without spots and it 

is quite possible that it was included in the species pati concerning 
which Valenciennes says (p. 178) : 


M. d'Orbifiiiy nous (lit (]ue lei taches varient a I’infioi, et dispaiaissent 
cTiUercmrnt. 


Eigenmann and Eigenmann* created the genus LuciopimeiodMi 
for pail and pialanas placing the genus in the Pinielodin^e. They 
distinguished the genus by the flexible, non-spinous first dorsal and 
first pectoral rays, the elongate, spat 11 late, depressed head, the nar¬ 
row, short occipital process, and the fontanel confined to the frontal 
portion of tlie head. 


Steindacher’ described Plrmampus agassidt. Tlie relationship 
of this species wdth pail was not recogniEcd by Steindachner or 
Eigenmann and Eigenmann, the latter placing it in a hypothetical 
distinct but unnamed genus numbered XXU in their monograph on 
the Xematc^athi* This was later placed in a new genus, Perugia, 
by Eigenmann and Norris. Steindachner described this species as 
having a pungent dorsal spine, but Fisher^* shows that in a specimen 
m the Carnegie Museum (No. ysjO there is evidence that the pun¬ 
gency is due to the fact that the tip of the first dorsal ray is broken off. 

In his moncgraph on the Freshwater Fishes of British Guiana” 
Eigenmann describes the new genus and species Megalonema plaiy- 
^cphalmn from the lower Potato River of British Guiana. The 
genus Megahimm differs from LHciapimctodws in the shape of the 


and Mag. Nai. Hut,, Vol. Vl„ July. tSftx p 10 

Mfm. Carntgk Mus., V, igu, p, 
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band of premaxillary teeth. The band is rounded at the outer end 
instead of prolonged into a sharp angle as in putL 

Still later Eigenmann*^ described Megahnema from 

the tipper Magdalena River of Columbia.*^ 


Key to Geseba and Spixixs of LnaopiMELODijf,^, 


a. MouEb irrmiiial, the lower jaw pointed* Its dp eNtending to the tip of the 
upper jaw; premaxillarr hand of teeth with a longt backward project¬ 
ing angle; adipose ftu beginning at lip of last dorsal raj*! iti length little 
more tlian three in the length! snoiil greatly depressed; depth of head 
three iti iia length; poit-mental barbels extending past hast of the anaK 
A. 12: to ii] head, 45 in snout, 2^3 in intcrorbital (Based on a 

specimen 330 mm. to base of caudal.) iLuciopIrti^lodui.}.**- 
00. Jaws snbet^ualK premaxillary' band of teeth without a backward projecting 

aTigiP* 

b. Space between adipose ai»d base of ksl dorsal ray considerably greater 

than base of dorsal ..... {.^ffJf!^^^newlA) 

f. Head 4; depth 6; adipose 4 in length! dorsal I, 6^; A. 13! eye 2,5 

in snout* 5 in h«id ...../fs/auuM. 

fc. Head 3.66 in the length; depth 5.5; adipose 4 in the length; dorsal 

I, d; A. tl! eye 2 in the anonl* 5 in head - -- 

ccc. Head 4: depth 333; A p; adipose 4.^5 in the length! c>e 4 
the headn -75 in the intcrorbital; snout depressed, width of 
head at the rictus a tn the length ot the head; maxtHary barbel 
reaching middle or beyond tip of pectoral; teeth in a very 
narrow band; fontanel reaching base of Hscapitail crest which 
Is minute; the first dorsal ray slendert a little longer than the 
head. (Based on a specimen ^ mm. in length.) 

^MnVadro Jum. 


bb. Space between adipose and base of Iasi dorsal ray much shorter than 
the base of the dorsal, posl-mental barbel not far behind the 

mental . -.+ * + ^ ..+ (Ptrugiti.) 

d. Lower jaw but a little shorter than the upper, prcmaxiltary band 
of teeth termrnalp partly exposed when mouth ts closed; fon¬ 
tanel incrtaiuig in width backward to behind ihe eye; a Small 
fontanel at the base of the occipital process; head $ in the 

length! depth d; dorsal I, <S; A. it --, + p + 

dcf. Snout much projecting, the mouth inferior; the premaxillary band 
of teeth very narrow; maxilEary barbel cxteoEiEng past 
of anal; adipose 2 ;S in the length; fonrtanel wider behind than 
Lti front, extending to the posterior edge of eye; small fem- 
tanel at the base of the ocdpital process; A. it 


i*/nd, f/fltn. S^udirst No. 16, Dec.p 1912, p- id. 

i^Thc species of M^galoncmfi described by Meek from the Tuyra Rtver 
belong to the genus Pimffodus. 
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The species of Luciopimelodunr have so far been recorded from 
the La Plata Basin, from the Rio Janri at the headwaters of the 
River Paraguay to the mouth of the La FJata at Buenos Aires* from 
the Amazon between Calderon and Para, from the Esscquibo Basin 
in Guiana and from the Magdalena Basin in transandean Colombia. 
Their distribution is very wide which may indicate that they have 
been established in South America since before the days of the for¬ 
mation of the eastern Andes of Colombia. 


SvKosvnv AND Bielioohaphy. 


Luciopimelodus pati (Valenciennes). 

PiiMWfldfij pati Valenciennes, ^^oy. d'Orbigny. pi. i, figs, 7-9, 
1H47 : Cuv. & Val,, Hist. \at. Poiss,. XV. 176, 1S40 (Parana;' 

Plata; Corrientes; Buenos Ayres); Kner. Sb. Ak. fPten, 
XXVI. 1857, 416 (Forte de S. Joaquim, Rio Branco); 
Giinther, Cat. Fhh. Brit. Mns., V, 12S. 1S46 (copied). 
Laciopimelodns pati Etgenm, & Eigenm,. Pror. Catif. Acad., ad 
Scr., Vol, 2, 122 (Buenos Ayres); Eigenmann, Repts. FrLce- 
ton Uaiv. E.vpcd. Patagonia, III, 19,0, p, 3S3 (name only) ; 
P^\itT Ann.Caraegie ipiy.p, 407(Bnenos Aires). 

Habitat: Rnj Plata; Sio Branco near British Guiana. 
Megaloxema P1.ATAKUM (Gunthcr), 

Pimdodus Plstanus Gunther. Ann. Xat. Hist. (5) VI 10 1880 
(Parana, Rb Plata), ' ' 


Eie.™. & Eig™„, Oc».,W 
° • Eiew”®"". Keplt. Prim- 

t\ ) ’”»• I* 383 (n™. oaly); 

P..hcr, .d.,,. A/.., XI. p. p, j 

Asuncion). 

Habitat: Rio Plata ; Piracicaba; Paraguay Basin. 

Megalokema PLATi'CEfHALuii (Eigenroaim) 

y 

* P 3«3 (n>m. »|,); Eijen- 
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MegalonEMa paucihadiatum Eigenmanti, spec. nov. 

15029, 1 . U. M., lour, the largest the type, 28-58 mm. Villa Rica, 
Anisits. 

Head 4; depth 5.33; A. 9; adipose 4,75 in the length; eye 4 in the 
head, .75 in the inlerorbital; maxillary barbel reaching middle or tip 
of dorsal, post mental a little beyond tip of pectoral; teeth in very 
narrow' bands; snout depressed, width of head at the rictus 2 in the 
length; depth of head nearly two-thirds its length; fontanel reaching 
base of occipital crest which is minute, reaching only about one-sixth 
of the way to the dorsal hni distance between snout and dorsal 
2-2.66 in the length; first dorsal ray slender, a little longer than the 
head, extending beyond all the rest w'hen depressed; ventrais and 
base of third dorsal ray abont equidistant from snout; first pectoral 
ray slender, reaching the ventrais, the btter not to the anal; caudal 
peduncle 5 in the length. 

Air-bladder transverse, about three times as wide as long. 

Pate, without any conspicuous markings. 

The type is a female with mature eggs nearly a niilUnieter in 
diameter. While the specimens at hand have probably not reached 
full size, the largest is sexually mature. 

This species differs from piatamtm and Luchpime- 

lodtts pati of the Plata basin in having but nine anal rays while they 
have twelve. 

Perugia acassizii (Steindachner). 

Pirinampus affassisii Steindachner, Sb. Ak. Wien, LXXlV, 
1876; Ichthycl. Beitr., IV, 57, pi. 1 3 (Para); Vaillant, fluff. 
Soe. Phihm., scries 7, IV. 153, 1880 (Calderon). 

? agiusisii Eigenm, & Eigenm., Occasional Papers Catif. Acad. 
Set.. I, p. 1S3- ^390 (Amazons). 

Perw^fn gen. nov. Eigenmann & Norris, Musca Paulista, 

IV, p. 355 . 1900- 

Luciopimclodas agassiaii Eigenmann, Repis. Princeton Unrv. 
Exped. Patagonia, III, 1910, p. 383 (name only). Fisher, 
Ann. Afwj., XI, 1917, P- 4^7 (Pora). 

HabUat: Amazons. 
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Pervgia XANTBU5 {Eigenmann ), 

Megatonetna xanlhum Eigentnanrtr Iitdintta Uftiversity Studies, 

Ka 16, p. 16, iQia. 

Habitat: Girardot; Apulo. 
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MINUTES. 


Stated Meaning, January y, /p/p. 

William B. Scott* D.Sc., President, in the Chair. 

The decease was announced of 

Charles Francis Hinies* Ph.D.. at Carlisle. Pa., on December 7. 
1918. Kt. 81. 

Lewis S. Ware, at Paris, on December 20^ 1918^ as:L 67. 

Mr. Leon Dominion, of New York, read a paper on **The 
Peoples of Central and Eastern Europe/' which was discussed by 
Dr. Jastrow* Dr. Scott and ProC Lingelbach. 

The Judges of the Annual Election held this day between the 
hours of two and five in the afternoon reported that the following 
named members w^ere elected according to the Laws, Regulations 
and Ordinances of the Society to be the Officers for the ensuing year. 

President. 

William B. Scott. 

F ke-Preslden ts. 

George Ellery Hale^ ^ 

Arthur A. Noyes, 

Hampton L. Carson. 

Secretaries. 

L Minis Hays. 

Arthur W. Goodspeed, 

Harry F. Keller^ 

Bradley ^loorc Davis. 

Curatars. 

Charles L. Doolittle, 

William P. Wilson, 

Leslie W. Miller^ 
iii 


MINUTES. 


Treasurer^ 

Henry La Barre Jayne. 

Counciilors. 

(To serve for three years.) 

^lauric^ Bloanifield, 

John M. Garke, 

George H. Parker, 

Arthur G. Webster* 

Stated Mteiing, February /p/p. 

William B, Scott, D.Sc-^ LL.D., President, in*the Chair. 

The decease was annoLinced of 

Rossiter Worthington Raymond, Ph.D„ LL.D., at New York, 
on December 31, 191B, act. 78. 

Theodore Roosevelt, LLD,, at Oj'ster Bay* on January 6,1919^ 
aert. 60. 

Edward C. Picketing, I^L.D.^ at Cambrit^e, on Feb¬ 
ruary 3, 1919* 7a. 

The following papers were read: 

^*Thc League of Nations/’ by Russell Duane* 

Political ProbleitLs of Central and Southern Europe,^* by 
Charles D. Ha2en of New York. (By title.) 

"'fhe Eastern Question/^ by Prof. Morris Jastrow, Jr. 
Organized Labor and Peace/* by Prof. E. R Cheyney* 

Stated Meeiingj March 7^ ;p/p* 

William B. Scott, D.Sc.. LL.D., President, in the Chair. 

The decease was announced of 

George Carey Fosttr, F.R.S.. D.Sc-, at Herts, Engbnd. on Feb¬ 
ruary 9, 1919, aft. 83. 

Hon. George Franklin Edmunds, at Pasadena. Calif, on Feb- 
ruarj' 27, 1919. *t, 91. 

Charles L. Doolittle. Se.D.. LL.D., at Philadelphia, on March 
3, 1919, ECt. 76. 

Mr. Langdon \\ amcr. introduced by the President, read a paper 
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on ** Siberia and the Czechs/" which was discussed by Islt. Goodwin 
and President Scott, 

Stated Meeting, Aprii 4, Jp/p- 
William B. ScanT, D,Sc,, Ll^D.t President, in the Chair, 

The following papers were read i 

Present Teiidencies in the National Development of Water¬ 
ways and Water Traffic, with Pctniniscences of the Service 
rendered by the American Philosophical Society in behalf of 
early Canal Constnictioti in Americap” by Wilfred H. SchofF. 
(liilrodupd by Dr, W. P. Wilson,) 

*'What Shall be Done with the Railroads? ** by liJtiory R. John¬ 
son, Sc,D. 

Stated General Meethig,^ April ^4, ^5^ 26, 1919. 

Thursday Afiern&an, April 24^ 1918. 

Opening Session, ^^,30 oVIcHde, 

William B. Scott, D.Sc,, LL-D,, Presidentt in the Chair. 

Dr, Alfred G. Mayor, a lately-elected member, havniig subscribed 
the Law^s* was admitted into the Society. 

The decease w'as announced of 

Sir William Crookes, Kt/, O.M., LL.D., D.Sc,, at London, on 
April i9J9> set. 87. 

Henry' Morse Stephens, B.A,, M.A,. Litt.D., at San Francisco* 
on April 16, 1919P set. 61. 

George Ferdinand Becker, Ph,D+i at Washington, on April —p 
1919, set, 7^- 

The folloiving papers were read: 

'* The Cosmic Force, Radio-Action/^ by ilonroe B, Snyder, Di¬ 
rector of the Philadelphia Obser^'atory^ 

*^The Conserip'ation of Natural Monuments,” by John M+ 
Clarke, Ph D., Sc.D., LL.D., Director of E>epartrncnt of Sci¬ 
ence and State Museump Albany. N. Y. 

" Detection of Ckean Currents by their Alkalinity/' by Alfred 
G. Mayor, MX-, Sc.D^ Director of Department of Marine 


minutes. 


Biology^ Carnegie Imtitution of Washmgton, Princeton^ N.J. 

^^Some Oceanographical Results of the Canadian Arctic Ex¬ 
pedition, ! 913-1918,” by V^ilhjalmur StefanssoUp A.B., Com¬ 
mander of Canadian x^rctic Expedition. (Introduced by 
Mr. Henry G- Br^^anl.) (By title.) 

“Evolutton and Mystery in the Discover)' of x^mericap"^ by 
Edwin Swift Bakh, A.B,, of Philadelphia. 

** Benjamin Franklin's Art as Applied to Books for Elementary 
Teaching/' by Charles R. Lanmanp Ph.D.p LL.D,^ Prof* of 
Sanskritp Harvard Universtiy. (By title.) 

"The Encrg)' Loss of Young \^'omen ditring Light Household 
Muscular Activities/' by Francis G. Benedict^ Ph.D,, Sc-Dv^ 
Director of Nutrition Laboratory (Boston) of Carnegie In* 
stitiition of Washington, and Alice Johnson* 

“ The Relative Contribution of the Staple Commodities to the 
National Food Consumption,^' by Raymond Pearl, Ph.D., 
Professor of Biometrics, School of Hygiene and Public 
Health, Johns Hopkins University. 

" Hygiene and Sanitation a$ Improvised In the Zone of Opera¬ 
tions during the Great War/' by Bailey Kx Ashford, M.D,^ 
Sc.D., Surgeon U. S. Aimy^ (Introduced by Dr, \V, W. 
Keen.) Discussed by Prof. Osborn. 

" Bloodless Removal of Foreign Bodies from the Lungs through 
the Mouth by Bronchoscopy/' by Clievalier Jackson, M.D,» 
Attending Laryngologist, Jefferson Medical CoDege, Phila¬ 
delphia. (Introduced by Dr. Wx W* Keenx) Discussed by 
Dr* Keen. 

I^riday, Af>rit ^5, /pjp, 

Execiith’e Session^ p.jo o'clock 

Proceedings of the Officers and Cotincil was submitted. 

Mommg Sesshu, 10 o'clock. 

WiLUA>t B. Sc:OTr, D.Sc„ LL.D,, President, in the Chair, 

The following papers »vcre presented: 

“The New Discoveries of Extinct Anintals in the West Indies 
and their Bearing on the Geological History of the Antilles.*' 
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by William D. Matthew, A.M., Ph.D., Carator of American 
Museum of Natural History, N. Y, Discussed by President 
Scott. 

“Characters and Restoration of the Sauropod Genus Coiiwro- 
saurus Cope, from Type-Material in the Cope Collection of 
the American Museum oi Natural Histoiys” by Henry Fair- 
field Osborn, Sc.D., LL.D., Research Professor of Zoology, 
Columbia University, and Charles C. Mook. Discussed by 
President Scott. 

“Energy' Conception of the Cause of Evolution/' by Henry 
Fairfield Osborn, Sc.D., LL.D., Research Professor of Zool¬ 
ogy, Columbia University. 

“ The Parasitic Aculcata. a Study in Evolution," by William M. 
WTieelcr, Pb-D., Sc-D., Professor of Economic Entomology, 
Bussey Institution, Harvard University. 

“Two Recent Entomological Problems—^The Pink Bollworm 
and the European Com Borer," by L. O. Howard, Ph D., 
LL.D„ Chief of Bureau of Entomology, U. S. Department 
of Agriculittre, Washington. 

Hajiiton L. Carson'. M.A., LL D.. Vice-President, in the Chair. 

“Hydration and Growth," by D. T, MacDougal. Ph.D., LL.D., 
Director of the Department of Botanical Research, Carnegie 
Institution of Washington, Tucson, Arizona. 

“Hydration of Colloids and Cell-Masses in Propionic Acid and 
its Amino-Compounds;' by D. T. MacDougal, Ph.D., LL.D., 
Director of the Desert Laboratory, Tucson, Arizona, and H, 
A. Spoebr. (By title.) 

“Sterility and Self-and-Cross-Incouipatibility in Shepherds 
Purse." by George H. Shull, Ph.D„ Professor of Botany and 
and Genetics, Princeton University. 

“The Basis of Sex Inheritance in Spharrocarpos/’ by Charles 
E. Allen, Ph.D., Professor of Botany, University of Wiscon¬ 
sin. (Introduced by Prof, Bradley M. Davis.) 
“Hydrogen-ion Concentration of Nutrictil Solutions in Rch- 
ti’on to the Growth of Seed Plants," by Benjamin M. Duggar, 
.A.M., Ph.D., Research Professor of Plant Physiolc^', Mis- 
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souri Botanical Garden, St. Louis. (Introduced by Prof. 
Bradley M. Davis.) 

“The Relation ol the Diet to Pellagra," by E. V. McCollum, 
Ph.D., Professor of Bio-Chemistry, Johns Hopkins Univer¬ 
sity. (Introduced by Dr. Henry H, Donaldson.) 

Aftfriwon S^tsion, i o’clsck. 

Geokge Ellerv Hale, Ph.D,, Sc.D., LL.D,, Vice-President, in the 

Chair. 

The followbg papers were presented: 

“The Eclipse Expedition from the Lick Observatory. Some 
Solar Eclipse Problems," by W. W., Campbell, Sc.D., T I P., 
Director of the Lick Observatory, Mount Hamdton, Calif, 
The Expedition of the Mount Wilson Observatory to the So¬ 
lar Eclipse of June 8, 1918," by J. A. Anderson, Ph.D., Mount 
Wilson Solar Observatory, Pasadena, Calif. (Introduced 
by Prof, John A. Miller.) 

“The Loivefl Observatorj' Eclipse Observations, June 8, 191S. 
Prominences and Coronal Arches,” by Carl O. Lanipland, 
.A.M., Lowell Observatory, Flagstaff, Ariiona. (Introduced 
by Prof. Eric Dooliltle.) 

"The Flash Spectrum,” by Samuel Alfred Mitchell, Ph.D., Di¬ 
rector McCormick Observatory, University of Virginia. 
(Introduced by Prof. John A. Milkr.) 

“ Electric Photometry of the 1918 Eclipse,*’ by Jacob Kum:, 
Ph.D., and Joel Stebbins, Ph.D., University of Illinois, Ur- 
bana. III. (Introduced by Prof, John A. Miller.) 

“The Sproul Observatory Eclipse Expedition. The Form of 
the Coronal Streamers,*' by John A. Miller, A.M.. Ph.D., Di¬ 
rector of the Sproul Observatory. Swarthmorc College, Pa. 

“Results of Observations of the Fudipsc by the Expedition 
from the Yerkes Observatory,*’ by Edwin B. Frost, D.Sc., 
Professor of Astrophysics and Director of Yerkes Observa¬ 
tory, University of Chicago, 

“Self-Luminous Night Haze,"by E. E. Saiuard, D.Sc., LLD 
Professor of Practical Astronomy. UnIveRity of Chicago. ' 


minutes. 


ix 

“ Photometric Measvirenients of Stars," by Joel Stcbbins, Pb.D., 
Professor of Astronomy. University of Illinois. (Intro¬ 
duced by Prof. Henry Norris Russel.) (By title.) 

"Star Clusters and their Contribution to Knowledge of the 
Universe" by Harlow Shapley, Ph.D., Mt. Wilson SoUr 
Observatory, Pasadena, Calif. (Introduced by Prof. George 
E. Hale.) 

“Tatar Material in Old Russian" by J. Dyneley Prince. PhD., 
Professor of Slavonic Language, Columbia University. 


Evening Session, oVIoffe- 

Arthur Gordon Webster, Sc-D., LL.D.. Professor of Physics. 
Clark University, Worcester, spoke on the " Recent Applications of 
Physics in Warfare." 

Saturday'j Afiril ^6, /pf?- 
Executive Session, p.JO o'clock. 

WiLLLtAM B. Scott, D.Sc., LL.D., President, in the Chair. 

Certain proposed amendments to the Laws and Rules of Admin¬ 
istration and Order and Resolutions in reference to amendments to 
the Charter, recommended by the Officers and Council were adopted. 

Pending nominations for membershp W'cre read and the Society 
proceeded to an election. The tellers rci^rted that the following 
nominees had been elected to memhetship: 

Residents of the UiiHed Sto-ieS2 

Robert Grant Aitken, Sc.D,, Slount Hamilton, Cal. 

Joseph Qiarles Arthur, Sc-D., Lafayette, Ind. 

Edward W. Berry*. Baltimore. 

James Henry Brcaied, . 4 .M., Ph.D., Chicago, 

Ulric Dahlgreii, M.S., Princton. 

William Curtis Farabee, A.M., Ph.D., Philadelphia. 

John Huston Finley, LL.D., Albany, N- Y. 

Stephen Alfred Forbes, Ph.D., LUD., Urbana, Ill. 

Chevalier Jackson, M.D.. Philadelphia, 

Dayton C Miller, A.M., D.Sc-, aeveland. 

George D. Rosengarten, Ph D., Philadelphia. 
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Albert Sativeur, S.B„ Cambridge, Ma&s. 

William Albert Setchell, A.M., Pli.D., Berkeley, Cal, 

Julius O. Stieglitz, Fh.D., D.Sc., Chicago, 

.Ambrose Swasey, Sc.D., D.E., Cleveland. 

Morning Session, so o’chok, 

William B. Scott, D.Sc., LL.D., President, in the Chair, 

Prof. James Henry Breasted, a newly elected member, subscribed 
the Law's and was admitted into the Society. 

The followung papers were read: 

“ .Artificial Fonnatioiis Resembling Lunar Craters,” by Captain 
Herbert E. Ives, B,S.. Ph.D., of Philadelphia. Discussed by 
Prof, Magie, Mr, Davis and Prof. Webster, 

“ The Meteorolc^cal Senice of the Signal Corps in the War," 
by Robert A. Millikan, Ph.D,, Sc.D., Professor of Physics, 
University of Chicago. 

“Detection of Submarines,” by Harvey Cornelius Hayes, PhD,, 
Naval Experimental Station, New London, (tnlroduced by 
Prof. John A. Miller.) Discussed by Prof. Webster, 

“ Errors Induced in Bullets by Defects in their Manufacture,” 
by Ernest W, Brown, M.A..SC.D., Professor of Mathematics, 
Yale University, Discussed by Messrs. .Akimoff, Webster, 
Brush and Brown. 

“ Sound and Hash Ranging," by Augustus Trowbridge, A.M., 
^ Ph D,, Professor of Physics, Princeton University. 

“The Work of the Ballistic Institute of Clark University.” by 
A. G. Webster, Ph.D., Sc.D., LL.D., Professor of Phvsics, 
Clark University, Worcester, Mass. 

“Altcmating-Cnrrent Planevector Potentiometer Measure¬ 
ments at Telephonic Frequencies.” by A. E. Kennedy, A.M., 
Sc.D., Director Research Division, Electrical Engineering 
Department, Massachusetts Institute of Technology, Cam¬ 
bridge, and Edy Velander. Discussed by Prof. Webster 
“The Genesis of Petroleum as Shown by its Nitrogen Con- 
stitimnts.” by Charles F. Maf^ry, Sc.D., Emeritus Professor 

of Chemistry, Case School of Applied Science, Geveland, 
(By title.) 


minutes. 


xi 


"Graphical Keprcsentations of Functions of the nth Degree, 
bv Francis E. Nipherj Professor Emeritus of Physics, Wash¬ 
ington University, St. Louis. 

"Glimpses of the Near East During the War,” by A. V. W. 
Jackson, L.H.D., LL.D,, Professor of Indo-Iranian Lan¬ 
guages, Columbia University. (By title.) 

"The Empire of Amumi,” by A. T. Clay, Ph.D., LUD., Pr(> 
fessor of Assyriology and Babylonian Literature, Yale Uni* 

versity. (By title.) , „ t, 

"The Science of Stealing (Stcyacastra) in Ancient India, by 
MauHce Bloomfield, Ph.D., LL.D., Professor of Sanskrit, 
Johns Hopkins University. (By title.) 

"The Crib of Christ" by Paul Haupt, Fh.D., LL.D., Professor 
of Semitic Languages, Johns Hopkins University. 

"The Atonement Idea Among the Ancient Semites, by Ed¬ 
ward Chiera, PhJ)., Instructor in Assyriolc^*, University 
of Pennsylvania. (Introduced by Prof-. Morris Jastrosv, Jr.) 

Aft^^toon Session^ ^ o*cloth. 

ARTHUTt A. Noyes. Sc.D., LL.D., Vice-President, in the Chair. 

SympoHnm on Chemkd Warfare. 

" Historical Introduction,*’ by Col. Marston T. Bt^ert, Ph.D., 
LL.D., Chemical Warfare Service, U. S. A. 

" Chemical Warfare and Research,” by Col, George A. Burrell. 
Chemical Warfare Service, U. S. A, (Introduced by Col. 
Bogert.) (By title.) 

“Chemical Warfare and :Mannfarturing Development,” by Col. 
Frank M. Dorsey. Chemical Warfare Service, U. S. A. (In- 
iroduced by Mr^ A. A. Blaif.) 

“ Production of Chemical Warfare Munitions," by Col. Wil¬ 
liam H. Walker, Chemical Warfare Service, U. S. A. (In¬ 
troduced by Prof. H. F. Keller.) 

"Cleans of Defense .Against Chemical Warfare." by Col. Brad¬ 
ley Dewey, Chemical Warfare Service. U. S. A. (Intro¬ 
duced by Dr. Philip B- Hawk.) Discussed by Prof. Web¬ 
ster, Dr. Keen and Mr. Rosengarten. 


minutes 


Stated Afay 



The President appointed Prof. J. Q Arthur to prepare an obit¬ 
uary- notice of the late George Francis Atkinson. 

The decease was announced of 



Slated Aletting^ October ip/p. 



William Curtis Farabec, a newly elct 
Laws and was admitted into the Society, 


Utters accepting membership were'received from 


J TT V Ji 

Robert Grant Aitken, Sc.D., 

Joseph Charles Arthur, Sc.D., 
Edward W. Berry. 

James Henry Breasted, A.il., Ph D 
Ulric Dahlgren. M.S., 

William Curtis Farabee. 

John Huston Finley, LL.D,, 

Stephen Alfred Forbes, Ph.D., LL.D. 
Chevalier Jackson, Jf.D.. 

Dayton C. Miller, A.M., Sc.D., 

George D. Rosengarlen. Ph.D., 

Albert Sauveur, S.B., 

Wilham .-\Jbort Setchell. A.M,, Ph^D 
Julius O. Stiqgliti, Ph.D., Sc.D,, 
Ambrose Swasey, Sc.D., D,E. 


A letter was read from .Mr. Thomas A. Edis, 


on, resigning mem- 


The decease was announced of the following 
Francis B. Gummcrc, A.B., Ph.D., LLD 
ford on May 30, 1919, at. 64. * 


William Gilson Farlow, A.M. If D 
1919. at- 74 -, 


ng members: . 

K Litt.D., at Haver- 


at Cambridge, on June j. 
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Sir Boverton Redwood, F-R.S., at London, on June 4i *9^5' 
®t. "3- 

Ira Franklm Mansfield, at Beaver, Pa„ on June 7> *9*9- 

Rt. Hon. John William Strutt, Lord Rayleigh, O.M*, LL.D., 
D.C,I., on July l. 1919 . st- 77* 

Gustavns Retzius, M.D,, at Stockholm, on July 21, 19^9* 77* 

Charles Conrad Abbott, M,D., at Bristol. Pa., on July 27 , I9t9, 
tet. 76 . 

Ernest Haeckel, Ph.D., at Jena, on August 8, I9t9p ^S- 

Andrew Carnegie, LL.D., atT-enox, Mass,, cm August ii, 1919 , 
set. 84 , 

The following papers were read: 

*'TrogJoglanis Pattersoni, a New Blind Fish from San An¬ 
tonio, Texas," by Car! Eigen maun, Ph.D. 

"On the Luciopimclodinse, a New Subfamily of the South 
American Sihiridie," by Charles S. Driver (communicated by 
Dr, Eigenmann). 

Stated MeiftUigt jVot'emfrer 7, 

William B. Scott, D.Sc., LLD.. President, in the Chair. 

Mr. George D. Rosengarten. a newly elected member, subscribed 
the Laws and was admitted into the Society. 

The following papers were read; 

“ An International Treaty which Resulted in a Scientific League 
of Nations,” by Hon. William C. Redfield, 

“ The Metric System of Weights and Measures,” by Dr, Samuel 
W. Stratton. 

“ Child Maintenance at Public Expense," by Eltsha Kent Kane. 

" Tectonics of Laccolithic Mountains," by Charles Keyes (com¬ 
municated by* Prof. W. B. Scott). 

Stated Meeting^ December 5 ^ Jp/p- 

William B, ScoxTp D.Sc.^ LL.D,, President, hi the Chair. 

The decease was announced of 

Charles Henry Hitchcockp Ph,D,, LL.D.^ at Honolulu^ 

on Novemhet 6 ^ 19*9^ set. S3. 


XIV 


MINUTES, 


Julius I'\ Sachst, at Philadelphia, on November 4, 1919, 

act. 76 , 

The following papers were read; 

“ ITie Deep Kansan Poudings in Pennsylvania and the Deposits 
Therein," by Prof. Edward H. Williams, Jr., which was dis^ 
cussed by President Scott. 

'‘The Parallaxes of Fifty Stars, determined at Sproul Ol^ 
servatory," by John A. Miller (by title). 

“ The Experiences of a Sanitary Officer in the Army," by Dr. 
Alexander C. Abbott, which was discussed by Mr. Field, Dr, 
Jastrow, and President Scott. 


INDEX, 


A 

Abbott, experiences of a s^itary 
officer in tbe arm>’, xiv 
Aculeata, parasitic^ i 
Allen, baais of stx inheritance m 

Alien &L Webster, &n a new (?) 

method tn exterior ballistics. 382 
Aliemating-curreiit plane vector po¬ 
tentiometer measorements at tele¬ 
phonic frequencies, 97 
America, evolution and in>"stcry in 
the discovery of* 55 
Anderson^ expedition of the Mount 
Wilson Obstnatory to the Solar 
Eclipse of June. 191 ^ 255 
Antillean fauna, recent discoveries 
of fossil vertebrates in the West 
Indies and their bearing on the 
origin of. 161 

Ashford, application of sanitary sci¬ 
ence to the Great War in the rone 
of the armi'. 317 


B 

Bakh. E S., evolution and mystery 
iti die discovery of America. 35 
Ballistics of a gwn of seven ty-fivt- 
mile riuige, 375 ^ , _ 

-- on a new method m exterior, 382 

Barnard^ self-lummons night haze. 
223 

Benedict & Johnson, energy loss of 
young women during the muscular 
activity’ of Eight household work, % 
Bloom held, science of stealing in an¬ 
cient India, xi 

Bogert. historical Introduction tp 
symposium on chemical u'arfare, xi 
Brown, errors Induced in bullets by 
defects in fheir manufacture, x 
Burrell, chemical warfare and rc- 
scarcli, xi 

C 

Ci^rrtaraiijurvs Cope, characters and 
restoration of the sauropod genusK 

Campbell. Croclcer eclipse expedition 
from the Lick Ol^fiervatory. June, 
iptS, 241 

Qiemical warfare, symposium on, xi 


Qicyney, organised labor and peace. 

IV 

Chiera, atoncmentl idea among the 
ancient Semites, xi 
Clarke, conservation of natural mon- 
uments. V 

Qa>% empire of Amurru. xi 
Commodicics^ relative CDUiribution of 
tJie slaple. to the nation^ food 
consumption. 1^2 

Co^n^ arches and streamers, 272 
Crocker eclipse expedition from the 
Lick Ohscrvatory, June S. 191a. 341 

D 

Dewey, means of defense against 
chemical warfare^ xi 
Dominion^ peoples of central and 
eastern Europe, iii 

Dorse^v chemical warfare and mauu- 
facturtug development, xj 
Driver* tlit Luaopimcliodinac, XiUi 

Duane, league of nations, iv 
Ehiggar^ hydrogen-ion concen^almn 
of nutrient solutions in relation to 
the growth of seed plants, vit 

E 

Eclipse expedition from the Lick Ob* 
serv^atory, l&lS. Crodeer^ 241 
Eigcnmaiinp Trogtcgianu 
a new blind fish from San Antonio. 
Texas, 3^7 

Election of officers audeoundHors, iii 
Energy loss of young women during 
the muscular activity^ of light 
household work. 

Evolution, parasitic aculeate, a study 
of» ] 

F 

Food consiinipttQn. retativie contribu¬ 
tion of the staple commodities to 
the national^ iSj 

Fossil vertebrates in the West Indies 
and their bearing on the origin of 
the Antillean fauna, i6t 
Ffostr results of observations of the 
eclipse of the expedition from 
Yerkes Ohservatory. 262 
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